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-NOTICE

The contents of this report reflects the
views of the researchers who have
endeavored to present accurate data and
draw conclusions in a clear and objective

manner.,

The contents do not necessarily reflect
the official views or policies of the
State of California or the Federal
Highway Administration. This report does
not constitute a standard, specification,

or requlation.

Neither the State of Caiifornia nor the
United States Government endorse
products or manufacturers. Trade or
manufacturers' names appear herein only
because they are considered essgsential to
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1. INTRODUCTION

1.7 Problem
Slow moving or parked tracks used to shadow or shield maintenance '
activities on a high speed highway pose a special safety problem.
Even though signs, flashing lights, and traffic cones are
carefully placed to warn the public, still inattentive motorists
occasionally crash into the backs of the trucks. This problem '
caused accidents that have. resulted in the deaths of Caltrans
maintenance workers. i

“-Caltrans is taking a number of corrective steps to mitigate this
traffic problem. One measure taken was to use truck mounted
attenuators (TMAs) for all vulnerable trucks. A TMA is a compact
crash cushion which is suspended from the back of the truck. It
is similar in concept to those placed in front of fixed objects at
freeway offramps., The purpose of the TMA is to reduce damage to
both the impacting vehicle-and the maintenance truck and,
particularly, to lessen the severlty of injuries to passengers of
elther vehicle.

The TMAs available when this project began were'heavy and reduced

the payload capabilities of the truck. They were also cumbersome
and difficult to remove from trucks.

1.2 Objectlves

» The Caltrans Division of ‘Equipment Maintenance and Development is
‘responsible for development/procurement of highway maintenance
equipment for the California Department of Transportation.

The number of manufacturers involved in TMAs is very limited.
This is due to their low demand and high development costs.
Therefore, the Division of Equipment Maintenance and Development
proceeded tdldevelop a TMA using a suitable lightweight energy
absorption material.

The objectives of this research were to develop two types of
lightweight attenuators, one for a medium size dump truck (two
axle, four cubic yard) and one for a three-~quarter ton pickup.



The truck mounted attenuator (TMA) to be developed should provide
the following improvements over units currently available:

1. Should not severely reduce the payload capability of the
truck. ' '

2. Should be easily remowvable and handled by one person.

3.. Sheould provide a cfash cushion equal to existing heavier
TMAS.

The  pickup mounted attenuator (PMA) to be developed should provide

. the following:

1% Should: be- a- sibze adaptable to a pickup.

2. Should store in a position that will not affect the
maneuverabil ity of the pickup.

3. Shoqld_groﬂidﬁia-safer working environment for the driver
of- the pigkup.

4., Should- improve the safety of occupants in vehicles that
impact the PMA,

1;3» BaqurQund
A brief description of the four known exdsting types of TMAs
follows: ) '

7:‘The.ffrst TMA was developed and tested: at the Texas Transportation
"Institute (TTI) in 1972. It consists of an array of empty 55

gallon steel drums, like those used in highway crash cushions.

.The=drums are mounted on a simple one-axle trailer. The TMA is
rigidly attached to the back of the truck and extends about 20

feet behind it. It*has.begn tested sucgessfully by a car

impacting it at 60 mph.

Cx Numbers'in parenthesis refer to a reference list at the
end of this report. -



A varlatlon of the Texas de51gn was first used in Ontarlo, ‘Canada
in 1975. It performed well in two accidentg. The 1ong _
length of these TMA trailers makes them cumbersome to tow. There
was further concern that the rigid TMA to truck connection could

result in weld fatigue and excessive tire wear.

Transpo-Safety, Inc., of New Rochelle, New York manufactures a TMA
- .called Cushion Safe. It consists of a cluster of water-filled,

« tubular vinyl cells which expel water through small holes in the

top of the cells, and thus absorb energy during impacts. This
unit has serious. disadvantages due to its heavy weight and shallow
”collapse depth. The entire unit hangs from the truck and projects
only about 28 inches beyond the back of it. Except for impacts at
low speeds, accelerations would be too high for the safety of .
passengers.: No rigorous crash testing has been performed on this
unit. ' ‘

“The University of Connecticut developed a TMA using a row of
veritcal steel pipe sections mounted on a sliding frame suppott.,-
Four two-foot diameter by 34-inch high sections of pipe with wall
thicknesses of 1/4-inch . and 3/8-inch are used. Impacting vehicles
strike an aluminum plate assembly at the back of the TMA which

- travels forward, successiveiy crushing the four pipe sections.
Maximum possible collapse distance for the TMA is about 8-feet;
the TMA is hung from and projects back to a total of 9-feet

. ‘3—inches from the rear of the truck. This design was also
rejected by Caltrans because of excessive weight and minimal
ground clearance. A heavy TMA reduces the payload that a truck
can carry while also serving as a protective "barrier".
Subsequently the University of Connecticut reduced the weight of
the aluminum impacting plate assembly from 430 to 278 lbs. Two
crash tests were conducted by TTI in 1978.

Energy Absorption Systems, Inc. (EAS) located in West Sacramento, -
California developed a TMA, which Caltrans used for a previous
research project titled, "Vehicular Impact Tests of a Truck
Mounted Attenuator Contdining Vermiculite Concrete Cells".(

After this research was concluded, Caltrans Division of Equipment
" Maintenance and Development procured 80 of these units and
-approximately 30 to 40 are still in use. These units have been



‘1nvolved in many accidents and performed well. The heavy weight
of these units limits the truck they are mounted on to small
loads.

Energy Absorption Systems, Inc. (EAS) has developed a lightweight
TMA using a combination of paper honeycomb and polyurethane foam
material encased ‘in a fiber glass shell.

Accidents involy;pg-G@ltransnmaintenance vehicles have been
frequeht in recent years. In 1978 there were 64 accidents, 43 of
which were rear end gollisions. 1In most cases the Caltrans
Vehlcle was a truck .or . -pickup. The accidents have included
3Caltrans vehlcles that were moving, were parked and occupied, or
were parked with qutrans workers in front of their vehicles.

2. CONCLUSIONS

The following cgnclusions were based on the results of twelve 45
_mph passenger car impaet tests into the back ends of dump trucks

d _welghlnq about 11 ;700 1lbs. and pickups weighing 5, 000 1lbs. Eleven

of the twelwve uere shielded with TMAs and BEMAs. The test results
were judged in comparison with the appraisal standards in
mransgortation Research Circular No. 191 > and National
Cooperative Highway Research Program (NCHRP) Report 2_30(6

The three appraisal factors used to judge results were structural

integrity, 1mpact severlty (or occupant risk), and vehicle
trajectory.

2.1 Structural Integrlty

1. Although damage to the impacting passenger car front ends
was severe in all TMA tests, there was virtually no
collapse or intrusion of the passenger'compartment by
vehicle or TMA components, except for slight intrusion in
the angle test (Test 389). 1In a control test {Research
Grant No. D-4-164, Test No. 371(%)) with no TMaA, the
front end crush of the car was much more severe and there
Was"e sllght intrusion of the car passenger compartment

-

which wpuld have increased at speeds over 45 mph.




There was no damage to the rear end of the truck/pickup in
any test when mounted with an antenuator. The damage was
extensive on truck/pickup when an attenuator was not used
(Test 371 and Test 391).

Most or all of the aluminum honevycomb cells inside the TMA

and PMA were effectively crushed in all tests. Debris
from the crushed cells and aluminum skin enclosure was
minimal. :

Theré_was no daniage to the steel backup frame and mounting

- controls on the TMA and PMA in all tests except on the
‘angle test (Test 389) when the steel backup plate was

slightly deformed.

In all tests, the car had small values of pitch, roll, and
yaw; hence, the penetration of the car into the TMA was
controlled, and there was no instability of the car or
truck. ' '

Impact Severity

.

The impacting passenger car accelerations in the control
test with no TMA (Test 371) were unacceptably high:

-21.5 g's compared with a preferred maximum of -6 to -8
g's and a permissible maximum of -12 g's. (These values.
are for the highest 50ms average during impact)

The TMA lowered the car accelerations in the five head-on
4500 1bs. car tests to values of -11.4 to —-14.4 g's.
Thus, the TMAs and PMAs reduced the accelerations
considerably, but reached their performance limit at
impact speeds of 45 mph for the 4500 lb. cars.

Accelerations for a 2200 lb. car were less than the
control test value. Three head-on 2200 1lb. car tests
results ranged from =15 to =16 g's. This indicates that
unless the TMA design is revised, it can only meet
acceleration standards at impact speeds less than 45 mph
for lightweight and mini-weight cars. '



" When the TMA'Wéé struck offset and at an angle, by a 4500

lb. car at 45 mph, the car accelerations were -10.6 g's.

In tests with the findl TMA design the theoretical values
of dummy-head rélative velocity, when striking the car
windshield after two feet of travel, were 32.4 to 34.5
feet per secofid (4,500 lb. car) and 35.6 feet per ‘second
(2,200 1b. car). NCHRP Report 230 recommends maximum
limit v&lués of 40fps and design limit of 30 fps. These
test résults indicate that the TMA would be most
benefidéial #f car passengers were wearing lap belts and
shOu}déf‘beit% at impact speeds of 45 mph.

‘apations were relatlvely low, 2.4 to 4.3 g's

for the TMA tests and 5.4 to 7.7 g's for the PMA tests,

Caltrang has installed head restraints in all trucks with
atténuators to minimize driver injury.

The PMA d1d not reduce accelerations significantly (8.3 to
6.3; 4,500 1b. car and 12.4, 1,800 1b..car). However, the
damage Eofﬁhé pickup and cars was significantly reduced.

2 3 Vethle Trajectory

1.

The trudks, whlch were all in se¢ond gear and had rear

wheels braked, traveled relativély short distances ahead
after impact by the passenger ¢&fs at 45 mph. The cars
followeéd closely behind. This wWould cause minimal effect
on adjacent traffic. o

.'The roll ahead distances for the trucks were not affected
by the TMA. : ' -

2,4 Géneral - . _

The 1ightweight TMA performed similarly and did not reduce "g"
levels below the lévels reéOrded in tests with heavier units
:hontaiﬁing vermiculite conctete cells predently in use. The
'beneflts include debris free 1mpact atre&d; lightweight (allowing
ore payload in trdck), #hd redse of handling and removal.



The lightweight PMA provided a safer atmosphere for a driver of a
maintenance pickup in a shadow operation and for occupants of an
impacting vehicle. The final PMA design was a reasonable size and
the unit could be easily rotated to a position onto the plckup
bed.. :

3. RECOMMENDATIONS

1... The TMA should be installed on slow moving or parked
Caltrans trucks and heavy maintenance vehicles that are
susceptible to rear end impacts. : '

2. sters of the TMA and their supervisors should be carefully
informed about the capabilities and the limitations of the
TMA . '

3. Trucks equipped with attenuators should have headrests
installed. '

4. PMAs should be installed on pickups that are used for
shadow operations and ‘as lookout pickups.

‘4., IMPLEMENTATION

Caltrans implemented the use of TMAs in 1979 when eighty units
were purchased. These vermiculite concrete units were built by
Energy Absorption Systems, Inc. of Sacramento, California.

' The use of TMAs expanded in 1981 when the department purchased
four hundred and thirty (430) units. These units were purchased
by competitive bidding on a specification. The specification
covered various performance, structural and miscellaneous
criteria. Hexcel Corporation of Dublin, California was the low
bidder. The TMA described in this report is very similar to the
units purchased from Hexcel Corporation.

Presently there is only one PMA in use as a prototype. There are
plans for two additional units to go into service. The PMAs are
used in areas where maneuverability of the vehicle is important.



C;iéréﬁé developed guidelines for the use of TMAs. Caltrans
Maintenance Manual, Chapter VIII, Protection of Workers states the
Ffollowing in regard to TMAs:

"8.05 Protective Vehicles. _
There are three classes of protective vehicles: Shadow,
Barrier, and Advance. Warning.

T..

Shadow Vehicles

" This is a moving vehicle a short distance from a moving .

operation, giving physical protection from traffic.
A shadow: vehicle shall:

a.. Carry:an atbtenuator, and

b. on multilane roads, carry an arrowboard operating in

the "arrow! mode.

c. On two-lane roads, carry either an arrowboard
operating in the "caution" mecde or a flashing amber
Iight.

The protective ability of a shadow vehicle is directly
propertional to its weight; the heavier the better. There
is no value in using pickup trucks. as shadow vehicles,
especially when they are intended: to protect something
heavy like a sweeper., ©Not only de they, offer little
protection, but the driver is sewerely exposed.

" The minimum 5129 for a shadow vehicle on the traveled way

is a. two-ton truck

The plirpose of a shadow vehicle is to run physical
interference against traffic for a work vehicle and its
crew immediately downstream. In this exposed position the
most important factor in protecting the driver of the

" shadow vehicle is the mass of the vehicle itself. A

four-yard dump. truck doesn't move much when it is hit by a
car. We alse need: an arzowboard, or a flashing amber light
to alert drivers who are inattentive or intoxicated. The
attenuator absorbs kinetic energy, softening the blow to



our driver and usually saving the life of the motorist.
The headrest protects the driver's head and neck, and the

seat belt prevents being thrown forward.

Barrier Vehicle: :

A barrier vehicle is parked in advance of a stationary
operation., It should be unoccupied when parked. Use as
heavy a vehicle as is reasonably available.’ Its purpose

- is to protect-wdrkers on foot from being hit by vehicles

leaving the traveled way. It must be carefully positioned
so that it will intercept errant vehicles, but will not
roll ahead and run over workers. Roll ahead may be
controlled by proper brakes, sufficient space, and angle

parking. The barrier vehicle may be parked at various

angles, including perpendlcular to the lane. When parked
at an angle, the front of the barrier vehicle should be

pointed away from traffic to avoid driver panic and to

prevent secondary collisions if the barrler vehicle is h1t
and pushed ahead. Front wheels should .be turned away from
the work zone. N '

As stated in Section 8.07, it is not required that barrier

- vehicles have arrowboards. WNeither is it required that

they have attenuators. It is however, required that

attenuators be used when they are available. When

equipped with an attenuator, the vehicle must be parked
parallel with traffic. Obviously, when parked at an
angle, neither an arrowboard nor an attenuator would be
functional.

Any vehicles, including barrier vehicles, used to shadow
the placement and retrieval of laneclosure devices from

the traveled way of multilane roads shall have both

arrowboards and attenuators.

Advance Warning Vehicle:

This vehicle is stationed a considerable distance upstream
of a moving or stationary operation. Its purpose is to '
display sign messages which will advise motorists of what
to expect ahead. On the shoulder it shall operate an



arrowooard in the “cautlon“ mode, or a flashing amber
light. 1If it encroaches on a freeway lane, it shall
operate an arrowboard in the "arrow" mode and shall be
fitted with an attenuator. An illuminated matrix-type
changeable messagé: sign may be used instead of an
arrowboard. ‘

© 8306 Attenuatots:

.~ Outr intent i¥% £ provide those who occupy slow vehicles in
traffic lanes wifh" as much protection as can reasonably be
applled withowt: making it too difficult for them to do their
work. The madin: dévices we use are the arrowboard, the
headrest, the seat belt, and the truck-mounted attenuator.

_ The arrowboard: and the attenuator serve also to protect the
5pub11C.

érovisione reQErding attenuators are not intended for city
streets of other 1ow—speed conditions. However, they may be
used there at the option of the supervisor.

Any stationary or slow-moving, unshadowed vehicle working in a
freeway traffic lane outside a lane’ closure shall carry an
'arrowboard and an attenuator. This requireément does not apply
to speC1allzed vehicles which are unguited to mounting or
using such devices, such as motor gbtaders, snow removal
equipment and tow trucks. In the abisence of an arrowboard, a
flashing amber light or a light bar shall be used.

Although an attenuator reduces the stresses on vehicles and

their occupants in a collision, it does not reduce the

.distance that a truck will roll or slide ahead when struck

from behind. For example, in two Caltrans tests, an 11,600

pound truck with front and rear brakes locked, on dry

pévement, was struck directly'in the rear by a standard sedan
_ f “"at. 45 mph. It moved forward 10 feet without an attenuator,

AR -ana 10 feet with an atténuator. '

”The proper p051t10n of a protectlve vehlcle with respect to
fthose it protects must be carefully judged. If too close, the
protectlve vehicle may hit the workers; if too far back,

.-..-1 ‘0 -_—



traffic may gd around it and hit the workers. See Table 8-1
for data which may be helpful in choosing size and placement
of protective vehicles. Where available, two or more
protective vehicles may be used to reduce this risk.

5. TECHNICIAL DISCUSSION

5.1 Test Conditions

"5.1.1 Test Facility . S

All vehicular impact tests on the lightweight TMA were conducted
at the Caltrans Dynamic Test Facility in Bryte, California near

' Sacramento. The tests took place on flat asphalt concrete paved
surfaces, The weather wag clear and mild for ‘all tests,

BL1.2 Liqhtweight'Truck Mounted Attenuator Design

The lightweight TMA design consisted of steel mounting hardware,
aluminum honeycomb attenuator, rear taillights and three screw
jacks with casters., See Figure 1 for configuration.

The energy absorbing component of the TMA was Hexcel® aluminum
honeycomb. The Hexcel aluminum honeycomb material was chosen for
this application for the following reasons: - Lightweight, ability
to withstand moisture, low cost, ease of construction, and
flexibility in adjusting the volume to attain the most desired
crash test results. '

The attenuator cell without mounting hardware weighed 280 pounds

- and mounting hardware weighed approximately 400 pouhds. The

- overall size was 7-feet 8-inches wide, 7-feet long and 2-feet
high. s

The mounting hardware provided for easy removal of the attenuator
and backup structure, with two jacks (with caster wheels) on the
foreend and one on the rearend of the attenuator. The entire unit
could be disconnected and rolled away in five minutes or less.

-11-
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" Aluminum Honeycomb Energy Absorption Cell (TMA):

The following TMA cell déscription is based on the final
acceptable design. Through the impact testing, the TMA developed
into 9 sections totaling in length, 84 inches. Separating each
section was a bulkhead of .032-inch aluminum with a .75-inch thick
plywood on the impact end, performing as a diaphragm during a
collision. The cells and bulkhead were bonded together with
Hexcel HP-326" adhesive. The total length of-84-inches included
the 9 bulkheads, .75-inch plywood diaphragm, and the honeycomb
aluminum cells. The completed TMA included a complete wrap of
.020—inch thick aluminum to enclose the assembly. See Figure 2.

Hexcel CR III®.375-5052-.0007N—1.0.Aluminum hbneycomb.was used for
the cell blocks. This material had a static crush strength of 25
pounds per sgquare inch and a dynamic crush strength of 30 pounds
per square inch. It weighed 1.0 pound'per cubic foot. .

All cells in each section were 24-~inches high (to? to bottom)
and there were 6 cells in each section, except for the last
section, which was one cell running the full width of the TMA.
See Figure 3 for cell layout in each section by test number.

As shown in Figure 3, the cell area progessively increased as the
impacting car penetrated the TMA. This concept was developed to
provide a suitable TMA for both 4500 pound and 2200 pound
vehicles. Also, all honeycomb aluminum cell blocks were
precrushed from 9.75~-inch to 9.25~inch to remove the compressive
peak that is reguired to start the constant stress level desired
for the TMA. -

-13=
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For a starting confi
based on XKinetic ene
second) .

The following formul
honeycomb and the le

guration cell, the initial TMA design was
rgy of the impact at 45 mph (66 feet per

as were used for'determining the volume of
ngth of the TMA cell.

2

KE car = 1/2 Mv2 = 1/2 v

g
KE = foot pounds
M = car mass slugs
V = feet per second
KE car = 1/2 4500 (66)2

32.2

KE car = 304,379 f£t. lbs.

Speed of car and

*(MV) Truck

truck after collision

MV}

= (MV) +
Car . Car Truck
Since M = ¥
g
V Truck _ (WV)Car + (WV)Truck
Car W Truck + W Car
V TPruck - (4560)(66) + {11000} {(0)
Car 4500 + 17000
. ¥V Truck = 1% fps
+ . Car
KE Pruck = 1/2 4500 + 11000 (19)2
Car ' - 32.2
KE Truck = 86,886 f£t., 1b.
Car .
KE impact = KE car ~ KE truck/car
KE impact = 304,379 - 86,8886
KE impact = 217,493 ft. 1lbs.

* Based on the assumption of an 1ne1ast1c collision and
‘ conservatlon of momentum.
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. To determine the overall 1ength of the TMA an 1mpact limit of. 12
g's was used.

L, = Length of TMA
Crush to.Limit 1mpact to 12 g's

217493 £t. 1bs. = KE of impact (4500 lb. car)

[, = 217493 -
T12(4500)
L =

~4.03 f£t.

Some kinetic energy would be expended in the-crushing of the car.
This would reduce the required stroke length, L.

The same calculations for a 2200 pound car resulted in figurésibf:

KE of impact = 124,006 ft. lbs.
L = 4.7 ft. )

As seen by the calculations, the kinetic energy of the 2200 1b.
velricle impact was approximately one-~half of the large car. but the'
impact length was about eqgual, 11m1t1nq the impact to 12 a's.

~Based on the 4.7 feet required to limit impaét to an average of 12
g's and the experience of using TMAs of 6-feet long (heavy

vermiculite units in use by Caltrans), it was determined a maximum
length of 7-feet for the TMA would be feasible. This would allow

a longer crush length to improve the performance of the TMA for
light and heavy cars.

The aluminum honeycomb when crushed perpendicular to the honeycomb
cell has a maximum stroke of 80% of its original length. TMA of
7-feet has an overall stroke length of

' 7ft. x 80% = 5.6 ft.

Variables of the impacts (light vehicle and heavy vehicle) when
considering the length of TMA crush were: Frontal area of .
vehicles and crush length on front of vehicles were unknowns.
Impact test would determine how the aluminum honeycomb TMA
performed. ‘

By using the crush strength of the honeycomb and Kinetic Energy
(K.E.) involved in the impact, a determination could be made as to

-17-
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_‘the volume of honeycomb in the TMA. The problem of satisfying
bath heavy and light vehicle impacts and other variables reguired
changes to the initial configurations. (See Figure 3 for Cell
Block,Chqnges)

For-a starting configuration for Test 381 the following TMA cell
was used. (See Figure 3 for TMAs by Test No.)

“4TEMA USED IN TEST 381

Stroke
80¢%
(Cell .
' Dynamic Block Enerqgy
- sCell Block Cell Black 5 Craush Length) - Absorption
Length {(Pt.) -Area i Tnchi) (PSI) Feet ‘Capability(ft.lbs)
1.5 2208 X 30 X 1.2 = 79,488
1.5 1692 X 30 X 1.2 = 60,921
1.5 ' 1680 X 30 X 1.2 = 38,8890
<T5 - 1.080 X 30 X .6 = 19,440
.75 700 X 30 X .6 = 12,600
.75 700 X 30 X _.6 = 12,600
6.75 Total Crush Length = 5.4
TOTAL 223,920 ft.lbs.

Steel Béckup Mounting Frame: The verti¢al steel backup structure
was next to the front of the TMA cell. Tt formed a strong plane
of reaction against which the TMA cell was to be crushed and was

- not expected to deform. It also performed as a mounting structure

for the TMA cell and -provided attachments for mounting the TMA to
. the truck. |

.ﬁhreé hand crank jacks with caster wheels were installed. Two
were mounted on the front side of the steel mounting frame and one

was mQunted on the center rear of the TMA cell +o assist in
" removing the TMA from the truck.

The mechanism to raise the attenuator consisted of a 12-volt .
electro mechanical ‘serew that when activated would raise the rear
of the attenuator up 15 degrees from the attenuator's normal
horizontal position. This provided for clearance for driveways,
~etc. See Figure 4 and 5 for TMA assembly.

~18-
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5.1.3 Lightweight Pickup Mounted Attenuator (PMA) Design
The energy absorbing component of the pickup attenuator was Hexcel
aluminum honeycomb, the same as the TMA. '

The attenuator cell without mounting hardware weighed
approximately 200 pounds. The overall size was 6-feet 4-inches’
wide, 5-feet 6-inches long and 2-feet high. The mounting hardware
weighed approximately 400 pounds. o o

As with the TMA, the PMA consisted of a steel backup mounting i
frame that fully supported the PMA as it was impacted. The frame

'Q~,also performed as a mounting structure for theé attenuator cell.

See Figure 6 for PMA configuration.,

Aluminum Honeycomb Energy Absorption Cell (PMA): As with the TMA,
the PMA incorporated Hexcel CR III .375-5052-.007N-1.0 aluminum
honeycomb for the cell blocks. The dynamic crush strength of this
material is 30 pounds per square inch.

The PMA design was based on KE of impact of 4500 ahd 2200 pound
car impacts with a pickup of 6000 pounds at speeds of 45 mph.

KE car (4500 pounds) = 304,379 foot pounds

V Pickup _ (Wv)Pickup + (WV)Car
" Car = . W Pickup + W Car
v _  {6000)(0) + (4500)(66)
= 6000 + 4500
vV = 28fps
KE Pickup _ 1/2 6000 + 4500 (28)2
KE Pickup _ 127,826 ft. lbs.
Car
KE impact = KE Car =~ KE Pickup
Car
KE impact = °176,553 ft. lbs.

-21=~
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- To determine the overall length of the PMA an impact limit of 12
g's was used. a -

I, = Length of PMA crush to limit impacﬁ to 12 g's
176,553 = KE of impact 4500 pound car '

L 176553
= “T12(4500)

L = 3,27 feet
" The same calculations for a 2200 pound car resulted in figures of -

KE of impact = 108,915 foot pounds
L = 4.12 feet - :

Based on the 80% crush stroke of the aluminum honeycomb the 

greater length of 4.12 feet for the 2200 pound vehicle was used to
determine the length of the PMA.

80%(L1) = 4,12 feet

Ly = 5.15 feet

By using the KE of the impacts and length required to limit impact
to 12 g's(L) a PMA cell block design was developed.

- PMA used in tests 392 and 393 is shown in Figure 7.

Steel Backup Mounting Frame: The vertical steel backup structure
was next to the front of the PMA c¢ell, It formed a strong plane
of reaction against which the PMA cell was to be crushed and was

not expected to deform. It also performed as a mounting structure
for the PMA cell to the pickup. '

Incorporated into the mounting frame of the PMA was a hydraulic
actuated mechanism that rotated the PMA cell onto the pickup body,
for a store position.

See Figures 8 thru 11 for PMA steel backup mounting frame design.
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5.1.4 Test Vehicles TMA ‘
Following is a list of the passenger cars used for the truck
mounted attenuator tests: '

Steel Plate

- Total Ballast

Test Weight Weilght

No. Description {Lbs.) {Lbs.)
371% 1971 Matador 4dr _ 4315 717
381 1970 Dodge Coronet 4d4r 4260 717
382 1970 Matador 4dr ‘ 4220 717
383 ° 1974 Toyota Corocla 2dr ‘ 2085 a
384 - 1976 Toyota Corola 2dr 2080 a
385 1972 Ford Pinto 2dr B 2180 g
386 1972 Matador 4dr : ' 4230 717
387 1972 Matador 4dr 4190 717
388 1972 Matador 4dr . 4185 717
389 .. 1970 Plymouth 4dr 4270 717

* previous research "Vehicle Impact Tests of a Truck
‘Mounted Attenuator Containing Vermiculite Concrete
Cells" baseline test, no TMA.

The total weight of the cars includes the weight of the steel
plate ballast and on-board instrumentation (about 160 1bs.), but
not the 165 1lb. dummy. The gas tanks were filled with water for
Tests 381, 382 and 386 - 389.

The steel plate ballast was added in some test vehicles to achieve
vehicle weights in the range specified in TRC 191.¢3)  The

steel plates were bolted securely to the floorboards and
distributed front and back so the weight distribution on the front
and rear wheels would not be changed markedly. The steel plates
were slightly below the vertical center of gravity height of the
cars.

All of the cars, except the Toyotas, were retired State vehicles.
They were all in good running condition and free of body damage
or missing structural parts.

Although the State vehicles were older than the six year maximum
age as recommended in Reference 5, the researchers believed the
use of newer vehicles would not have changed the test results in
any significant way. All of the cars had rear wheel drive and
longitudinal engine mounting.
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Steering control was achieved
with a stralght anchored guldance cable running through a bracket
attached to the right front' wheel. No constraints were placed on
thé 'steering wheel. A short distance before the point of impact,
thevehicle “ignition was turned off, and the car was released from
the“gu&dénce-cable; A speed control device on the car maintained
the desired impact speed once ‘it was attained.

Det'ails of ‘the car equipment are contained in Appendix A.
The  same® truckiwag used®™in all tests.

. Desc‘lptlou Total Weight: (Lbs.)
1965 Ford- 25000° GVW 11,0000 1Bs:

The ‘truck “was ‘a ‘rétired”Ccdltrans vehicle, in running condition,
frée of body damntage’-of missing structural parts, and unmodified
for "the: tests, exdepf "for TMA mounting hardware. .

In all tests the truck was parked in second gear:with the spring
efférgericy brakes-‘erigadged (truck was equipped with air brakes).

Two 1ightweight steel tibe frames with targeting:were cantilevered
offithe 'top of the dump body of the truck: They permitted smaller
‘mgré'détailed'fierds-of~view in 'the data cameras without
sdcrificing the means ‘to plot the truck displacement and

vélbcity;

511 5 Test Vehicles (Pickup Attenuator. Tests)
FOllOWlng is a list of the- passenger cars used in the Pickup
Mounted Attenuator Tests:

Steel Plate

_ : - ' Total Ballast
xTest : _ Weight Weight
- No..- Description L L (Lbs.) (Lbs.)
397" 1972 Matador 4dx ‘ 4290 717
392~ 1972 Matador 4dr ' 4310 717
. 393 1978 Honda Civic 2dr« 1820 g

S%e‘5.1;4 for description of passenger” car:ballast.

F%lﬂowing are pickups used in the pickup- attenuator tests.

o
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Total

Test ' Weight

No. Description . (Lbs.)
391* 1970 Chevrolet 3/4-ton ' 4415
392 1968 Dodge 3/4-ton 5000
393 1968 Dodge 3/4-ton 5000

* Baseline test no pickup attenuator

The total weight of the cars includes the weight of the steel
plate ballast and on-board instrumentation (about 160 1lbs.), but
not the 165 1b. dummy. .The gas tanks were filled with water for
Tests 391-393, The total weight of the plckups in tests 392-393
1ncludes the welght of the PMA

ALl of the cars, except the Honda, were retired State vehicles.
They were all in good running condltlon and free of body damage
or missing structural parts.

Although the State vehicles were more than the six year maximum

age as recommended in Reference 6, the researchers believed the

use of newer vehicles would not have changed the test results in
any significant way. All of the cars had rear wheel drive and

" longitudinal engine mounting. S

All vehicles were self propelled. Steering control was achieved
with a straight anchored guidance cable running through a bracket
~attached to the right front wheel. No constraints were placed on

the steering wheel. A short distance before the point of impact,
the vehicle ignition was turned off, and the car was released from
the guidance cable. A speed'control device on the car maintained
the desired impact speed once it was attained.

5.1.6 Data Acquisition Systems

Several high speed movie cameras were used to record the impact
events. A normal speed movie camera, a video camera, and a ' _
colored slide camera were used also to plcture the impact and- the
conditions of the test vehicles and TMAs before and after the
impact. In addition black and white still photography was used to
cover pre— and post-impact test conditions.

Accelerometers were mounted on the floorboard of the car and on
the floorboard in the truck cab. Acceleration data were collected
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o to judge 1mpact severlty and the chance of passenger injuries or
fatalltles.

‘In the TMA tests, an anthropomorphic dummy with accelerometers

‘mounted in its head cavity, was placed in the driver's seat of the
;'passenger car to obtain motion and acceleration data. The dummy,
'Willie Makit, a Part 572 dummy built to conform to Federal Motor
Vehlcle Safety Standards by the Sierra Engineering Company, is a
SOth percentile American male weighing 165 lbs. The dummy was

restralned with a standard lap and shoulder belt for all TMA
tests.!

In the PMA tests, the.Rart 572 was placed in the drivers seat of
the plckup and restralned with a lap belt, For these tests an
older model -50kh percentile dummy, Sierra Stan, was placed in the
drlvers Seat of .the car. It was restrained with a lap and
shoulder belts in.tests 391 - 392, but had no restraints in test
393. A slldlnq welght device was attached to the right side of
the car. Upon impact the weight, fitted with ball bearings, would
sllde two feet forward on a smeoth rod. This could be used to
calculate the rattlespace time, if a malfunction occured with
:egect;onlc 1netrumentatlon.

Appendlces B and .C contain a detalled description of the
photographlc and electronlc equipment, camera and accelerometer
layout, data collection and reduction techniques, and
accelerometer records. '

‘BQJ,jgifTest Parameters
Following are the parameters for the TMA crash tests:

TEST CARS
) Car ) ) :
N Test .- Weight : Speed - Angle
-uNp. ' (Lbs.) (MPH) {Degrees)
371 4315. a5 . 0° Head-On &
381 4260 45.8 0° Head-on &
382 4320 43.9 0° Head—-On &
383 2085 - 44,7 0° Head~On &
384 2080 43.2 0° Head-On &
385 2180 44,4 0° Head-On &
386 4230 ‘ 45.1 0° Head-On &
387 4190 45,5 0° Head-On &
388 _ 4185 46.4 0° Head-On &
389 L 4270 N 44.8 1

0°, 1 £ft. Offset
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TEST TRUCKS

Truck Wt.(Lbs.) TMA Wt.
Test NoO. W/0 TMA (Lbs.) Braking
371 11,600 None All wheels braked
381-385 11,000 970 Rear Wheels braked
386—-389 11,000 700 Transmission 2nd

Gear

Following are the parameters for the PMA crash test:

Test No. Car Weight (Lbs) Speed (MPH) Angle (Degrees)
391 | 4299 43.9 0° Head-On%
392 43190 45.3 0° Head-Onf
393 1820 44.8 0° Head-OnE

TEST PICKUPS

Pickup Weight (Lbs.)

Test No W/0 PMA PMA Weight {(Lbs.) Braking
391 4415 None Emergency Brake
392 4140 860 Emergency Brake
393 4140 860 . Emergency Brake

5.2 Truck Mounted Attenuator Test Results
Accelerometer records from the cars, trucks, and head of the dummy

are contained in Appendix C. A film report has been assembled
which shows all TMA tests.

5.2.1 Test 371: Car—-4315 1lbs/45 mph/0° Head-on

Truck-11,600 1lbs/all wheels braked/No TMA
As stated earlier, Test 371 was done for previous research and was
used for a baseline test for this research.

The summary of test data and photos of the vehicles before and
after impact are shown in Figures 12 - 14.

Impact Description - 371: The car struck the truck at the
intended speed and angle. The car was 9 inches off center to the
left of the truck center line. The front of the car was severly
crushed and compressed against the rear of the truck before the
truck began to move. Initially, after impact, the truck bed was
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FIGURE 12 -~ DATA SUMMARY SHEET - TEST 371

Test Date June 21, 1979

Truck Mounted Attenuator Data

Type Not Used This Test
Size Not Used This Test
Weight Not Used This Test

Truck Data

Model Ford F750 Dump Truck

Gross Vehicle Weight Rated 25,000 1l1bs,

Dump Body Capacity 4 Cu, Yds.

Brake Setting Air Brakes, All Wheels

Gear Setting 2nd Gear

Weight (W/0 TMA) 11,600 lbs.

Car Data

Model 1971 AMC Matador

Impact Velocity 45 mph

Impact Angle 0°, Centered on Truck
Center Line

Weight (W/0 Dummy) 4315 lbs.

Dummy Weight 165 1lbs.

Dummy Type Part 572, 50th Percentile

Dummy Restraint Lap, Shoulder Belts

impact Data

Maximum 50ms. Avg. Acceleration, Accelerometer Data

Impact +0.31 Sec. Car, Longitudinal -21.5 g's
Car, Vertical No Data
Truck Longitudinal 5.0 g's
Dummy Head, Result, Car, (No Vert.) -39.2 g's
Head Injury Criterion _ No Data
Occupant Impact Velocity (Film Data) 46 fps
Truck Roll Ahead Distance 10.3 ft,
Maximum Pitch, Car (Rear End) -8.0°
Maximum Rise, Truck Dump Body Rear 10.0 in.

TAD/VDI Index, Car FD-7/12FDEW6

Impact +1.83 Sec. -34-






FIGURF 13

Test 371

Test Vehicles Before
Impact
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FIGURE 14

Test 371

Test Vehicles After
Impact






forced upward and the rear wheels were lifted a few inches off the
ground as the truck moved forward. During this time, the reér
wheels did not turn until they made: contact with the ground _again.
After the maximum compression of the. front end of the car
occurred, the car appeared to re—~extend slightly due to the
storage of elastic energy. However, the car was hooked onto the .
truck and traveled with it to a stop. The truck moved forward a
 total of 10-feet 4-inches. There was minimal yawing and pitching
of the car during impact. o : :

The maximum 50 millisecond average value of longitudinal
acceleration for the passenger compartment of the car was -21.5
g's. The comparable value of longltudlnal acceleration in the cab
of the truck was 5.0 g's. '

‘Car Damage - 371: Damage to the car was quite extensive. The
front end was severely crushed an average of approximately L ‘
26.5 inches at a height of 24-inches above ground. The hood was
crushed back a maximum of 37-inches. fThe windshield was broken by
the hood. The radiator was crushed back to the fan. All four
doors were jammed. The roof over the doorposts was crimped o
indicating buckling ‘in the car body as a whole. The engine moved
back slightly, and the tires were restricted against movement.
The car could not have beéen driven or rolled away from the test
site. The dashboard and steering column were pushed a short
" distance into the passenger compartment, otherwise there was no
intrusion of vehicle parts. Buckling in the floorboard damaged
one of the accelerometers. The steel ballast plates remained
attached. : '

Truck Damage — 371+ Damage to the truck was relatively light.
The rear crossmember, differential cover, and rear springs were
bent. A rear brake actuator was torn loose from its location near
the inside face of the rear tiré, and the brake lines were ripped
loose. Although the truck could be driven, there must have been
some damage to theé drive train because it did not operate
smoothly. '

5.2.2 Test 381: Car — 4260 lbs/45.8 mph 0° Head-On

Truck - 11,900 lbs/rear wheels braked with TMA
The summary of the test data and photo of venicles before and
after impacts are shown in Figures 15 - 17.
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FIGURE

Impact +0,06 Sec.

Impact +1.20 Sec.

15 - DATA SUMMARY SHEET -~ TEST 381

Test Date

October 23, 1980

Truck Mounted Attenuator Data

Type
Size
Weight

Truck Data

Model

Gross Vehicle Weight
Dump Body Capacity
Brake Setting

Gear Setting

Weight (W/0 TMA)

Car Data

Model
Impact Velocity
Impact Angle

Weight (W/Q Dummy)
Dummy Weight
Dummy Type

Dummy Restraint

Impact Data

Hexcel Aluminum Honeycomb

7' Long x 7'-8"Wide x 2'High
280 lbs., TMA

690 Lbs., Mounting Hardware

Ford F750 Dump Truck

Rated 25,000 1bs.

4 Cu. Yds.

Parking Brake, Rear Wheels
2nd Gear

11,000 1bs.

1970 Dodge Corcnet

45,8 mph

0°, Centered on Truck
Center Line

4260 lbs.

165 1bs.

Part 572, 50th Percentile

Lap, Shoulder Belts

Maximum 50ms. Avg. Acceleration, Accelerometer Data

Car, Longitudinal
Car, Vertical
Truck Longitudinal

bummy Head, Resultant, Car
Head Injury Criterion

~-11.4 g's
-4.6 g's
3.6 g's
-17.4 g's
102

Occupant Impact Velocity, Longitudinal 31.6 fps

Truck Roll Ahead Distance 297-8"
Maximum Pitch, Car (Rear End) ~-70
Maximum Rise, Truck Dump Body Rear 3.9 in.

TAD/VDI Index, Car

-38—
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FIGURE 16

Test 381

Test Vehicles and TMA
Before Impact

Final Positions of
Test Vehicles

TMA Crushed About 8ix
Feet No Damage to
Truck or TMA Hardware







FIGURE 17

Test 381

Three—-quarter Inch
Plywood Performed as
a Diaphragm During
Impact

Premature Column
Failure of TMA Cells

Test Car Damagde

~ 40~







Impact Description - 381: The car struck the TMA at the intended
speed and angle on center line. There was little movement of the
truck, while the c¢ar crushed the TMA. Thé car penetrated the TMA"
‘6-feet. The truck rolled ahead 29-feet 8-inches. The truck
transmission popped out of second gear and allowed more yoll ahead
than anticipated.

The lower covering of the -TMA collapsed to the ground providing a
ramp for the car to roll up on ‘the undercarriage of the TMA. ' This
caused a vertical component of force causing premature failure of
the TMA honeycomb: cells. ' '

Car Damage — 381: Damage'to the car was severe but less than test
371. The front end was uniformly crushed back 10 inches;“'All
four doors were opened easily. The radiator was moved back to the
fan.  The engine position was not changed. All damage was )
confined to the front fenders and hood area. There waS-noA"
intrusion or damage inside the car. The windshield was intact.
The car required towing from the impact location.

Truck Damage — 381: There was no truck damage.

TMA Damage - 381: Almost all of the TMA honeycomb cells were
damaged in the test. The car (72 inches) wide being narrower than
‘the TMA (92 inches) wide,'penetrated the center of the TMA. Total
penetration was 78 inches of the 84 inch length of the TMA. The
horizontal orientation and the length (See Figure 3) of the cell
blocks caused a premature column buckling of the cells in the
second to last section of the TMA. This resulted in the cells not
providing theixr full compressive potential, Although the
acceleration levels were acceptable, it was felt the vertical
angle at which the car rode up used additional energy, resulting
in the low accelerations. This condition could result in a
lighter car rolling over. By orientating cells vertically and
modifying the outer covering so it would not form a ramp for the
car to ride up, it would eliminate the chance of a rollover.

5.2.3 Test 382

The purpose of Test 382 was to evaluate changes made in the TMA
design.
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Car - 4220 1bs/43.9 mph 0° Head-On
Truck 11000 lbs/rear wheels braked
TMA - 970 lbs. '

The summary of the test data and photos of vehicles before and
after impacts are shown in Figures 18 - 20.

Changes to TMA Design: The TMA honeycomb cells were orientated
vertically and all sections were reduced to about 9 inches in
length, except for the last section which remained at 18 inches.:
(See Figure 1) The lower skin (covéring) was attached so that it .
would collapse on impact and not cause a ramp for the car to ride
up.

Impact Description — 382: The car struck the TMA at the intended
speed and angle on center line. There was little movement of the
truck while the car crushed the TMA. The car penetrated the TMA
62 inches. The car and truck rolled ahead 16-feet 8-inches after
impact. The horizontal angle (pitch) of the car during impact was
minimal. The car moved a total of 95-inches plus 12-inches of
crush to the front of the car during impact. The car remained on
center line with the truck. The impact area was free of any '
debris.

Car Damage - 382: Damage to the car was severe and comparable to
Test 381. 2ll major damage was confined to the front fenders and
hood areas. The radiator was moved back to the engine, the engine
position was unchanged. The front doors were jammed, but easily
opened. The windshield was unbroken. The door posts were
undamaged. In the interior, the dummy struck its knee on the
underside of the dash and caused a dent. The steering wheel was
intact. The floorboard over the transmission buckled. The tires
were intact. The car required towing from the impact location.

Truck Damage — 382: There was no truck damage.

TMA Damage — 382: Almost all of the TMA honeycomb cells were

daméged in the test. The car penetrated within the outer sides of
the TMA. Unlike Test 381 the honeycomb cells absorbed more of the
impact enerqgy. The changes made in the TMA design resulted in the
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FIGURE 18 -

Impact +1.18 Sec.

Test Date

DATA SUMMARY SHEET - TEST 382

December 18, 1980

Truck Mounted Attenuator Data

Type
Size
Weight

Truck Data

Model

Gross Vehicle Weight
Dump Body Capacity
Brake Setting

Gear Setting

Weight (W/0 TMA)

Car Data

Model
Impact Velocity
Impact Angle

Weight (W/0 Dummy)
Dummy Welight
Dummy Type

Dummy Restraint

Impact Data

Hexcel Aluminum Honeycomb
7'Long x 7'-8"Wide x 2'High
280 1bs., TM2

690 Lbs,.,, Mounting Hardware

Ford F750 Dump Truck

Rated 25,000 1lbs.

4 Cu. ¥Yds.

Parking Brake, Rear Wheels
2nd Gear

11,000 lbs.

1972 AMC Matadorx

43,9 mph

0°, Centered on Truck
Center Line

4220 l1lbs.

165 1lbs.

Part 572, 50th Percentile

Lap, Shoulder Relts

Maximum 50ms. Avg. Acceleration, Accelerometer Data

Car, Longitudinal Not Calculated

Car, Vertical
Truck Longitudinal

-12.1 g's
4,6 g's
3.8 g's

Dummy Head, Resultant, Car
Head Injury Criterion

Occupant Impact Velocity, Longltudlnal

Truck Roll Ahead Distance
Maximum Pitch, Car (Rear End)

Maximum Rise, Truck Dump Body Rear

TAD/VDI Index, Car

—-43—

-16.0 g's

85

34.3 fps
161_8"

+3.50

4.4 in.
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FIGURE 19

Test 382

Test Vehicles and TMA
Before Impact

Final Positions of
Test Vehicles

TMA Crushed 62-Inches






FIGURE 20

Test 382

Three—-gquarter Inch
Plywood Diaphragm

Car Front Crush was
12-Inches

Car Floorboard
Buckled







car being retained with minimal pitching and the shorter honeycomb
cells orientated vertically not buckling as in Test 381 -The .
undercarriage was partially collasped.

5.2.4 Test 383 \
The purpose of Test 383 was to evaluate the TMA design belng
impacted by a lightweight car.

Car - 2085 lbs/44.7 mph 0° Head-On

Truck -~ 11000 lbs/rear wheels braked-

T™™MA - 970 lbs.
The summary of the test data and photos of vehlcles before and
after 1mpacts are shown in Figures 21 - 23.

Changes to TMA Design - 383
The TMA was the same de51gn as Test 382.

Impact Description - 383

The car struck the TMA at the 1ntended speed and angle on center -
line. There was little movement of the truck while the car
crushed the TMA. The car penetrated the TMA 36-inches. The ‘front
of the car was crushed in 12-inches. The car rolled ahead jOffeet
5-inches after impact. The truck rolled ahead 6-feet 5-inches.
The horizontal angle (pitch) of the car during impact was minimal.
The car and truck came to rest on the center line of 1mpact The
impact area was free of debris.

Car Damage - 383 -

Damage to the car was severe. All damage was confined to the
front fenders and hood areas. The front of the car was uniformly
crushed back 12-inches. The radiator was moved back to the fan.
The engine position was unchanged. The front doors were not
jammed. There was no damage to the door posts. The roof over the
door posts was crimped. The dummy struck its knees on the bottom
of the dash causing small dents. There was no deflection of the
steering wheel. The windshield was unbroken. All tires were
intact. The car had to be towed from the impact area.

Truck Damage - 383
There was no truck damage.
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FIGURE 21 — DATA SUMMARY SHEET - TEST 383

Tmoact +0.05 Sec.

Test Date

February 18, 1981

Truck Mounted Attenuator Data

Type
Size
Weight

Truck Data

Model

Gross Vehicle Weight
Dump Body Capacity
Brake Setting

Gear Setting

Weight (W/0 TMA)

Car Data

Model
Impact Velocity
Impact Angle

Weight (W/0 Dummy)
Dummy Weight
Dummy Type

Dummy Restraint

Impact Data

Hexcel Aluminum Honeycomb
7'Long x 7'-8"Wide x 2'High
280 lbs., TMA

690 Lbs., Mounting Hardware

Ford F750 Dump Truck

Rated 25,000 lbs.

4 Cu. Yds.

Parking Brake, Rear Wheels
2nd Gear

11,000 1bs.

1974 Toyota - Corolla

44.7 mph

0°, Centered on Truck
Center Line

2085 lbs.

165 1lbs.

Part 572, 50th Percentile

Lap, Shoulder Belts

Maximum 50ms. Avg. Acceleration, Accelerometer Data

Car, Longitudinal
Car, Vertical
Truck Longitudinal

Dummy Head, Resultant, Car

Head Injury Criterion

-15.7 g's
1.1 g's
3.3 g's
~-36.4 g's
427

Occupant Impact Velocity, Longitudinal 42.7 fps

Truck Roll Ahead Distance 6!'-5"
Maximum Pitch, Car (Rear End) 1.0°
Maximum Rise, Truck Dump Body Rear 1.8 in.

TAD/VDI Index, Car

.
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FIGURE 22

Test 383

TMA Attachment to

Head Frame Tests 381
thru 385

TMA Undercarriage
Tests 381 thru 385

Final Positions of
Test Vehicles






FIGURE 23

Test 383

Three-quarter Inch
Plywood Diaphragm

TMA Crushed 36-Inches

Car Front Crush was
12=-Inches







TMA Damage - 383 :

Only forty percent of the honeycomb cells were damaged during the
impact. The car penetrated a 60-inch width (car width) of the
92~-inch wide TMA on center line. The penetration of the car was
36~-inches into the TMA. The outer;covering}OE the TMA engulfed
the car resulting in a very clean and debris free impact. The
undercarriage was undamaged.

5.2.5 Test - 384 : .
The purpose of Test 384 was to evaluate a redeSLgned TMA to
provide improved results for a llghwelght car impact test.

Car — 2080 1bs/43.2 mph 0° Head-On

Truck — 11000 1lbs/rear wheels braked

TMA - 970 lbs. |
The summary of the test data and photos of vehlcles before and

after impacts are shown in Figures 24 - 26.

Changes to TMA Design - 384: The honeycomb cell area was
decreased throughout the length of the TMA to increase the length
of crush and thus decrease the accelerations (g's). (See Figure 3
for cell area conflguratlons)

Impact Description - 384: The car struck the TMA at the intended
speed and angle on center line. There was little movement of the
truck during impact of the TMA. '

The car penétrated,the TMA 52-inches. The front of the car
crushed back 14-inches. The car rolled ahead 11-feet 6-inches
after impact. The truck rolled ahead 6-feet 1-inch. Pitching and
yawing of the car during impact was minimal. The car and truck
came to rest on center line of the impactr"The impact area was
free of debris.

Car Damadge - 384: Damage to the front of the car was severe. All
front end components were crushed. The radiator was crushed back
to the fan. The engine position was unchanged. Doors were not
jammed and door posts were not damaged. The roof over the door
post was not crimped as it was in Test 383. There was no interior
damage. The windshield was intact. All tires were still
inflated. The car was towed from the impact location.
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FIGURE 24 - DATA SUMMARY SHEET — TEST 384

Sec.

Test Date

April 9, 1981

Truck Mounted Attenuator Data

Type
Size
Weight

Truck Data

Model

Gross Vehicle Weight
Dump Body Capacity
Brake Setting

Gear Setting

‘Weight (W/O TMA)

Car Data

Model
Impact Velocity
Impact Angle

Weight (W/0 Dummy)
Dummy Weight
Dummy Type

Dummy Restraint

Impact Data

Hexcel Aluminum Honeycomb
7'Long x 7'-8"Wide x 2'High
280 lbs., TMA

690 Lbs., Mounting Hardware

Ford F750 Dump Truck

Rated 25,000 1bs.

4 Cu. Yds,

Parking Brake, Rear Wheels
2nd Gear

11,000 1lbs.

1976 Toyota - Corolla

43,2 mph

0°, Centered on Truck
Center Line

2080 1bs.

165 lbs.

Part 572, 50th Percentile

Lap, Shoulder Belts

Maximum 50ms. Avg. Acceleration, Accelerometer Data

Car, Longitudinal -16.0 g's

Car, Vertical 4.5 g's

Truck Longitudinal 2.7 g's

Dummy Head, Resultant, Car -29.7 g's
Head Injury Criterion 250

Occupant Impact Velocity, Longitudinal 36.8 fps

Truck Roll Ahead Distance 6'-1"
Maximum Pitch, Car (Rear End) 3.0°
Maximum Rise, Truck Dump Body Rear 1.7 in,

TAD/VDI Index, Car

-51-
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FIGURE 25

Test 384

LRy

S

Vehicles Before
Impact

Final Positions Car
Engulfed in TMA

Car Impacted on
Center Line







FIGURE 26

Test 384

Car Penetrated the
TMA 52-Inches

Car Crush was
14-Inches






Truck Damage - 384: There was no truck damage.

TMA Damage - 384: Sixty percent of the honeycomb cells were
damaged during the impact. The car penetrated a 60-inch width
{car width) of the 92-inch wide TMA on center line., The
pentration of the car was 52-inches into the TMA. The outer
covering engulfed the front end of the car. The undercarriage
was undamaged. o

5.2.6 Test - 385
The purpose of Test 385 was to evaluate changes in the TMA
honeycomb cell layout and to acguire more uniform accelerations
than in Test 384 during a lighweight car impact.

Car - 2180 1bs/44.4 mph 0° Head-On

Truck - 11000 lbs/rear wheels braked

T™™A - 970 lbs.
The summary of the test data and photos of vehicles before and
after impacts are shown in Figures 27 - 29,

Changes to TMA Design — 385: The honeycomb cell area was
increased in the first two sections to provide a more uniform
crush and reduce the accelerations (g's). (See Figure 3 for cell
area configurations).

Impact Description - 385: The car struck the TMA at the intended
speed and angle on center line. There was little movement of the
truck during the impact of the TMA. The car penetrated the TMA
52-inches. The car rolled ahead 7-feet 9-inches after impact.

The truck rolled ahead 6-feet 9-~inches after impact. Pitching and
yawing of the car was minimal. The car and truck came to rest on
center line of the impact. The impact area was free of debris.

Car Damage - 385: Damage to the front end body components was
severe. The front of the car was crushed back 12—inches. The
radiator was crushed back to the fan. The engine position was
unchanged. Doors were not jammed and door posts were not
damaged.

The roof line around the front of the door was slightly deformed.
There was no interior damage. The windshield was intact. All
tires were intact and inflated. The car required towing from the
impact area.
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FIGURE 27 — DATA SUMMARY SHEET - TEST 385

Test Date May 7, 1981

Truck Mounted Attenuator Data

Type Hexcel Aluminum Honeycomb
Size 7'Long x 7'-8"Wide x 2'High
Weight 280 1lbs.,, TMA

690 Lbs., Mounting Hardware

Truck Data

Model Ford F750 Dump Truck

Gross Vehicle Weight Rated 25,000 1lbs,

Dump Body Capacity 4 Cu. Yds,

Brake Setting Parking Brake, Rear Wheels

Gear Setting 2nd Gear :

Weight (W/0 TMA) 11,000 1bs,.

Car Data

Model 1972 Ford Pinto

Impact Velocity 44,4 mph

Impact Angle 0°, Centered on Truck
Center Line

Weight (W/0 Dummy) 2180 1bs.

Dummy Weight 165 1bs.

Dummy Type Part 572, 50th Percentile

Dummy Restraint Lap, Shoulder Belts

Impact Data

Maximum 50ms. Avg. Acceleration, Accelerometer Data

Car, Longitudinal -15.2 g's
Car, Vertical 5.0 g's
Truck Longitudinal 2.4 g's
Dummy Head, Resultant, Car -18.7 g's
Head Injury Criterion 173
Occupant Impact Velocity, Longitudinal 35.6 fps
Truck Roll Ahead Distance 6'-9"
Maximum Pitch, Car (Rear End) 2.75°
Maximum Rise, Truck Dump Body Rear 1.7 in.
TAD/VDI Index, Car FD~5/12FDEW5S

R

Impact +1.45 Sec. 55~



; 3
R




FIGURE 28

Test 385

Vehicles Before
Impact

Final Positions of
Vehicles

Crushed TMA Plywood
End







FIGURE 29

Test 385

TMA Damage

Car Penetrated TMA
52-Inches

Car Crushed 12-Inches







Truck Damage — 385: There was no truck damage.

TMA Damage -~ 385: Sixty percent of the honeycomb cells were
damaged during the impact. The car penetrated a 60-inch width of
the 92—inch wide of the TMA on center line. The penetration of
the car was 52-inches into the TMA. The undercarriage was
undamaged.

5.2.7 Test - 386
The purpose of Test 386 was to evaluate a heavy car impact with
the redesigned TMA used in Test 385, a lightweight car impact.
The supporting hardware was also redesigned to a lightweight
configuration.

Car - 4230 1bs/45.1 mph 0° Head-On

Truck - 11000 lbs/rear wheels braked

™A -~ 700 1lbs,
The summary of the -test data and photos of vehicles before and
after impacts are shown in Figures 30 - 32.

Changes to TMA Design -~ 386: There were no changes in the TMA
cell configuration design from Test 385. The mounting hardware
was redesigned to a lightexr weight configuration. A different
attaching method for the TMA Box to the mounting hardware to
eliminate the undercarriage was also incorporated.

Impact Description - 386: The car struck the TMA at the intended
speed and angle on center line. There was little movement of the
truck during the impact of the TMA. The car penetrated the TMA
74-inches. The car rolled ahead 17-feet after impact. The truck
also rolled ahead 17-feet after impact. The pitching and yawing
of the car during impact were minimal. The car and truck came to
rest on center line of impact. TMA cell material and covering
were scattered around the impact area.

[ d

Car Damage — 386: Damage to the front end body components was
severe. The front of the car crushed back 11-inches. The
radiator was moved back to the fan, the engine position was
unchanged. The front doors were jammed, but easily opened. The
door post columns were undamaged. The roof above the left door
was slightly crimped. There was no interior damage. The
windshield was intact. All tires were intact. The car had to be
towed from the impac¢t location.
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FIGURE

Impact -0.01 Sec.

Impact +1.24 Sec.

30 - DATA SUMMARY SHEET - TEST 386

Test Date

June 11, 1981

Truck Mounted Attenuator Data

Type
Size
Weight

Truck Data

Model

Gross Vehicle Weight
Dump Body Capacity
Brake Setting

Gear Setting

Weight (W/0 TMA)

Car Data

Model
Impact Velocity
Impact Angle

Weight (W/O0 Dummy)
Dummy Weight
Dummy Type

Dummy Restraint

Impact Data

Hexcel Aluminum Honeycomb
7'Long x 7'-8"Wide x 2'High
280 lbs., TMA

420 Lbs., Mounting Hardware

Ford F750 Dump Truck

Rated 25,000 lbs.

4 Cu. Yds.

Parking Brake, Rear Wheels
2nd Gear

11,000 1bs.

1972 AMC Matador

45,1 mph

0°, Centered on Truck
Center Line

4230 1bs,

165 1lbs.

Part 572, 50th Percentile

Lap, Shoulder Belts

Maximum 50ms. Avg. Acceleration, Accelerometer Data

Car, Longitudinal ~13.6 g's

Car, Vertical 6.1 g's

Truck Longitudinal 4,1 g's

Dummy Head, Resultant, Car -13.4 g's
Head Injury Criterion 80

Occupant Impact Velocity, Longitudinal 32.4 fps

Truck Roll BAhead Distance 17'=-0"
Maximum Pitch, Car (Rear End) -3.5°
Maximum Rise, Truck Dump Body Rear 2.4 in.

TAD/VDI Index, Car
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FIGURE 31

Test 386

TMA Before Impact

Lighweight Redesigned
TMA Support Hardware

TMA Covering (Skin)
Damage







FIGURE 32

Test 386

Vehicles Final
Positions

TMA Completely
Crushed, 74-Inches

Front Car Crush
11-Inches
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Truck Damage - 386: There was no truck damage.

TMA Damage - 386: Ninety percent of the honeycomb cells was
damaged during the impact. The lightweight support hardware did
not fully support the last cell section. This resulted in the
cell shearing at the narrower width of the backup support. This
caused the TMA to come apart and honeycomb cell material to
scatter about the impact area. Although the test results were
acceptable, the backup support was redesigned to provide full
width support for future tests. The mechanisms to raise and lower
the TMA were not damaged.

5.2.8 Test — 387
The purpose of Test 387 was to evaluate a redesigned lightweight
backup support. The redesigned unit would provide full width
support for the TMA. The full width support was essential to
provide for impacts that may occur off center line.

Car - 4190 1bs/45.5 mph 0° Head-On

Truck - 11000 lbs/rear wheel braked

TMA -~ 700 lbs.
The summary of the test data and photos of vehicles before and
after impacts are shown in Figures 33 - 35.

Changes to TMA Design - 387: There were no changes in the TMA
cell configuration from Test 386. The backup support was
increased in width. This provided for a base for the cells to
compress on and eliminate the possibility of the cell shearing at
the edges of the narrow support as in Test 386. The raise-lower
mechanisms were not changed.

Impact Description - 387: The car struck the TMA at the intended
speed and angle on center line. There was little movement of the
truck during impact of the TMA., The car penetrated the TMA
64-inches. The car rolled ahead 35-feet after impact. The truck
rolled ahead 28-feet 8-inches after impact. There was no pitching
or yawing of the car during impact. The car and truck came to
rest on centexr line of impact. The attenuator covering engulfed
the car containing all damaged TMA cell material. The impact area
was free of debris.
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FIGURE 33 -~ DATA SUMMARY SHEET - TEST 387

No
/0 Aa %05’

Avas/able

Test Date

August 11, 1981

Truck Mounted Attenuator Data

Type
Size
Weight

Truck Dbata

Model

Gross Vehicle Weight
bump Body Capacity
Brake Setting

Gear Setting

Weight (W/0 TMA)

Car Data

Model
Impact Velocity
Impact Angle

Weight (W/O Dummy)
Dummy Weight
Dummy Type

Dummy Restraint

Impact Data

HBexcel Aluminum Honeycomb
7'Long x 7'-8"Wide x 2'High
280 1lbs., TMA '
420 Lbs., Mounting Hardware

Ford F750 Dump Truck

Rated 25,000 1bs.

4 Cu. Yds.

Parking Brake, Rear Wheels
2nd Gear

11,000 lbs.

1972 AMC Matador

45.5 mph

0°, Centered on Truck
Center Line

4190 1lbs.

165 1lbs.

Part 572, 50th Percentile

Lap, Shoulder Belts

Maximum 50ms. Avg. Acceleration, Accelerometer Data

Car, Longitudinal
Car, Vertical
Truck Longitudinal

Dummy Head, Resultant, Car
Head Injury Criterion

-14.4 g's
-4,6 g's
4.3 g's
-15.6 g's
105

Occupant Impact Velocity, Longitudinal 34.5 fps

Truck Roll Ahead Distance
Maximum Pitch, Car (Rear End)
Maximum Rise, Truck Dump Body Rear

TAD/VDI Index, Car
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FIGURE 34

Test 387

Vehicles Before
Impact

Redesigned Full width
TMA Support (Raised
Position)

Final Position of
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FIGURE 35

Test 387

Three-quarter Inch
Plywood is Used at
Impacting End of TMA

T"MA Crushed 64-Inches

Car Crushed 14-Inches







Car Damage - 387: Damage to the front end body components was
severe. The front of the car crushed back 14-inches. The
radiator was moved back to the fan. The engine position was
unchanged. The front doors were jammed but easily opened. The
roof above the door posts was crimped on both sides of car. There
was no interior damage and no damage to instrumentation. The
windshield was cracked from the lower right side to the upper
center, Tires remained inflated. The car required towing from
the impact location.

Truck Damage - 387: There was no truck damage.

TMA Damage ~ 387: Seventy-five percent of the honeycomb cells
were damaged during the impact. The redesigned lightweight
support hardware was not damaged. The raise lower mechanism was
not damaged.

5.2.9 Test - 388
The purpose of Test 388 was to evaluate a slight modification to
the TMA.

Car - 4185 lbs/46.4 mph 0° Head-On

Truck - 11000 ibs/rear wheel braked

TMA -~ 700 1bs.
The summary of the test data and photos of vehicles before and
after impacts are shown in Figures 36-38.

Changes to TMA Design - 388: The TMA attachment to the support
hardware design was modified to allow additional crush of the last
section of the TMA. The unit used in Test 387 had mounting stud
bulkheads in the last section that were spaced at about the same
width as the impacting car frame. On impact the car bottomed on
these which did not allow any crush of the last section of
honeycomb. To eliminate this problem the mounting stud bulkheads
were moved out from 40-inches to 70-inches. This would assure
that during any impact it would not be possible for the rigid
frame members of the impacting vehicle to bottom on both
bulkheads. This modification allowed approximately 6-inches
additional crush.

Impact Description - 388: The car struck the TMA on center line
at the intended speed and angle. There was little movement of the







FIGURE 36 - DATA SUMMARY SHEET - TEST 388

Impact +0.07 Sec.

35?;;3‘. o 7
Impact +0.80 Sec.

Tegst Date

August 27, 1981

Truck Mounted Attenuator Data

Type
Size
Weight

Truck Data

Model

Gross Vehicle Weight
Dump Body Capacity
Briake Setting

Gear Setting

Weight (W/0 TMA)

Car Data

Model
Impact Velocity
Impact Angle

Weight (W/0 Dummy)
Dummy Weight
Dummy Type

Dummy Restraint

Impact Data

Hexcel Aluminum Honeycomb
7'Long x 7'-8"Wide x 2'High
280 1lbs., TMA

420 Lbs., Mounting Hardware

Ford F750 Dump Truck

Rated 25,000 lbs.

4 Cu. Yds.

Parking Brake, Rear Wheels
2nd Gear

11,000 1bs,

1972 AMC Matador

46,4 mph

0°, Centered on Truck
Center Line

4185 1bs.

165 lbs.

Part 572, 50th Percentile
Lap, Shoulder Belts

Maximum 50ms. Avg. Acceleration, Accelerometer Data

Car, Longitudinal
Car, Vertical
Truck Longitudinal

Dummy Head, Resultant,
Head Injury Criterion
Occupant Impact Velocity, Longitudinal
Truck Roll Ahead Distance
Maximum Pitech, Car (Rear End)

Maximum Rise, Truck Dump Body Reatr

' TAD/VDI Index, Car

-7 -

~13.8 g's
-5.2 g's

4,3 g's
-15.0 g's

66

33.3 fps
391_9"

+4.0°

3.2 in.
FD-5/12FDEW5

Car






FIGURE 37

Test 388
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FIGURE 38

Test 388

Vehicles Final
Positions

TMA Crushed 68-Inches

Car Crushed 12-Inches







truck during the impact. The car penetrated the TMA 68-inches.
The car rolled ahead 41~feet after impact. The truck rolled ahead
39-feet 9-inches after impact. Pitching and yawing of the car was
minimal. The vehicles came to rest on the impact center line.

The impact area was free of debris.

Car Damage — 388: Damage to the front body compoenents was
severe. The front of the car crushed back t12-inches. The
radiator was moved back to the fan. The position of the engine
was unchanged. The front doors were jammed but easily opened.
Door posts were undamaged. The roof above the door post on the
left side of the car was slightly crimped. There was no damage on
the interior. The windshield was intact. Tires remained
inflated. The car was towed from the impact location.

Truck Damage - 388: There was no truck damage.

TMA Damage - 388: Eighty-one percent of the honeycomb cells were
damaged during the impact. There was no damage to the support
hardware. The relocated mounting stud bulkheads allowed
additional crush of the TMA cell,

5.2.10 Test - 389
The purpose of Test 389 was to evaluate the acceptable TMA design
used in Test 388 in an angle impact off center line.

Car - 4270 1bs./44.8 mph 10° angle of 1-foot left of center
line

Truck - 11,000 1bs./rear wheels braked

TMA - 700 lbs.

The summary of the test data and photos of vehicles before and
after impacts are shown in Figures 39 - 41.

Changes to TMA Design - 389: There were no changes to the TMA
design from Test 388.

Impact Description - 389: The car struck the TMA at the desired
speed and location., There was little movement of the truck during
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FIGURE 39 - DATA SUMMARY SHEET - TEST 389

Impact +0.01 Sec.

SR

Test Date

September 24, 1981

Truck Mounted Attenuator Data

Impact +1.19 Sec.

Type
Size
Weight

Truck Data

Model

. Gross Vehicle Weight

Dump Body Capacity
Brake Setting

Gear Setting
Weight (W/0O TMA)

Car Data

Model
Impact Velocity
Impact Angle

Weight (W/0 Dummy)
Dummy Weight
Dummy Type

Dummy Restraint

Inmpact Data

Hexcel Aluminum Honeycomb
7'Long x 7'-8"Wide x 2'High
280 lbs., TMA

420 Lbs., Mounting Hardware

Ford F750 Dump Truck

Rated 25,000 lbs.

4 Cu. Yds.

Parking Brake, Rear Wheels
2nd Gear

11,000 1lbs.

1970 Plymounth Belvedere

44,8 mph

12°, Car € Offset 1'-0"
from Truck G

4270 lbs.

165 1bs.

Part 572, 50th Percentile

Lap, Shoulder Belts

Maximum 50ms. Avg. Acceleration, Accelerometer Data

Car, Longitudinal
Car, Vertical
Truck Longitudinal

Dummy Head, Resultant, Car
Head Inijury Criterion

-10.6 g's
4.6 g's
No Data
-11.8 g's
65

Occupant Impact Velocity, Longitudinal 29.1 £ps

Truck Rell Ahead Distance

Maximum Pitch, Car (Rear £nd)
Maximum Rise, Truck Dump Body Rear

TAD/VDI Index, Car

-71-

14'-3" Forward and
1'=-9" to the right
+3,75°
3.3 in.
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FIGURE 40

Test 389

Car and TMA Before
Impact 10° Angle,

1=-Foot Left of Center
Line

Vehicles Final
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Vehicles Final
Pogitions
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"FIGURE 41

Test 389

There was no Crush on
the Left Side of the
Car

The TMA Crushed
66~Inches on the Left
Side

The Car Crushed
24-Inches on the
Right Side






the impact. The car penetrated the TMA 66-inches on the left side
and 36-inches on the right side., The truck rolled ahead 14~feet
3-inches, and turned to the right 12 degrees., The car rolled
ahead 23-feet 2-inches and 1-foot to the left of and parallel with
the impact center line. The impact area was free of debris.

Car Damage - 389: Damage to the front of the car was confined to
the right front corner. The right front of the car was crushed
back 24-inches, the left front was not crushed back. The radiator
was crushed back to the fan. Engine position was unchanged.

Doors and door posts were not damaged. The roof above the right
door post was crimped. In the interior, the right side of the
dashboard was slightly deformed. The windshield was intact. All
tires were intact. The car required towing from the impact
location.

Truck Damage - 389: There was no truck damage.

TMA Damage - 389: Sixty percent of the honeycomb cells were
damaged during the impact. The entire TMA was held together by
the covering after impact. The lightweight backup support
deflected 1-inch on the left side due to the angle impact. The
raise lower mechanism was not damaged.

5.3 Pickup Mounted Attenutor Test Results

Accelerometers records from cars, trucks, and head of the dummy
are contained in Appendix C. A film report has been made which
shows all PMA tests.

5.3.1 Test - 391

Car - 4290 1lbs/43.9 mph/0° Head-On

Pickup - 4415 lbs/rear wheels braked/No PMA
The summary of test data and photos of the vehicles before and
after impact are shown in Figures 42-44.

Impact Description - 391: The car struck the rear of the pickup
at the intended speed and angle. The front of the car was

crushed back 20-inches. Upon impact the pickup bumper broke free
and the car submarined under the rear of the pickup. This allowed
the car to impact the rear differential housing of the pickup
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FIGURE 42 -~ DATA SUMMARY SHEET ~ TEST 391

Test Date December 1, 1981

Pickup Mounted Attenuator Data

Type Not Used This Test
Size Not Used This Test
Weight Not Used This Test

Impact +0.03 Sec.

Pickup Data

Model 1970 Chevrolet, 3/4-T Pickup
Brake Setting Parking Brake, Rear Wheels
Gear Setting Neutral
Weight (W/0 TMA or 4415 1lbs.
Dummy )
Dummy Weight 165 lbs.
Impact +0.08 Sec. Dummy Type Part 572, 50th Percentile
Dummy Restraint Lap Belt
Car Data
Model 1972 AMC Matador
Impact Velocity 43,9 mph
Impact Angle 0°, Centered on Truck
Impact +0.18 Sec. Center Line
Weight (W/0 Dummy)} 4290 lbs.
Dummy Weight 165 1bs.
Dummy Type Sierra Stan, 50th Percentile
Dummy Restraint Lap, Shoulder Belts

Impact Data

Impact +0.28 Sec. Maximum 50ms. Avg. Acceleration, Accelerometer Data
Car, Longitudinal (Film Data) ~8.3 g's
Car, Vertical No Data
Truck Longitudinal (Film Data) 9.5 g's
bummy Head, Resultant Truck or Car No Data

Head Injury Criterion No Data
Occupant Impact Velocity (Film Data) 28,0 fps
Truck Roll Ahead Distance

Maximum Pitch, Car (Rear End) + & -1.5°
Maximum Rise, Truck Dump Body Rear 18,9 in.
TAD/VDI Index, Car FD-6/12FDEW5

Impact +0.88 Sec,.
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FIGURE 43

Test 391

Vehicles Before
Impact

Pickup After Impact

Car After Impact
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FIGURE 44

Test 391

Car After Impact

Vehicles Final
Position
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causing it to move forward. This caused the parking brake tension
cables to release and allowed the pickup to roll freely 336-feet.
The car rolled ahead 80-feet after impact. There was minimal
vawing and pitching of the car during impact. Seven traffic cones
placed in the bed of the pickup and the pickup components were
scattered around the impact area.

Car Damage — 391: Damage to the car was very severe. All damage
was from the rear doors forward to the front of the car. The
unitized frame components were buckled below the engine
compartment. The radiator was crushed back to the fan. The hood
attachments broke lcose. The hood impacted and broke the
windshield. The front fenders were peeled back 3 to 4 feet. The
doors and door posts were not damaged. The underside of the dash
was damaged from the dummy's knees. There was some buckling of
the floorboards. The car required towing from the impact area.

Truck Damage — 391: The tailgate of the pickup broke free and
impacted the car windshield before going over the top of the car
and coming to rest on the ground about 40-feet after impact. The
rear bumper broke loose upon impact and lodged under the car. The
pickup bed was buckled, and crushed about 4-inches. The rear
differential was moved forward 2-inches. The battery broke loose
and struck the firewall. There was no damage to the interior.

5.3.2 Test — 392

Ccar - 4310 1bs/45.3 mph/0° Head-On

Pickup — 4140 1lbs/5000 lbs, with PMA/Rear Wheels Braked
The summary of the test data and photos of the vehicles before and
after the impact are shown in Figures 45 - 47. ‘

Impact Description - 392: The car struck the PMA at the intended
speed and angle. The car crushed the PMA 59~inches. The front of
the car crushed back 7-inches. The car rolled ahead B81-feet,
while the truck rolled ahead 80-feet after impact. The pickup
came to rest 5-feet to the left of impact center line with the car
directly behind. Pitching and yawing of the car were minimal.

The impact area was free of debris.

Car Damage — 392: Damage to the car was the least of any TMA or
PMA test. The front of the car was only crushed back 7-inches.
The front bumper, grill and hood were crushed. The hood remained







45 - DATA SUMMARY SHEET - TEST 392

Test Date June 9, 1982

Pickup Mounted Attenuator Data

Type Hexcel Aluminum Honeycomb
Size 5'6" Long x 6'4" Wide 24"High
Weight 200 Lbs., PMA

660 Lbs., Mounting Hardware
Impact +0.01 Sec. '

Pickup Data

Model 1970 Dodge, 3/4-Ton Pickup
Brake Setting Parking Brake, Rear Wheels
" Gear Setting _ Neutral

Weight (W/0 TMA or 4140 1bs.

Dummy )
Impact +0.06 Sec. Dummy Weight 165 lbs.

Dummy Type Part 572, 50th Percentile
Dummy Restraint Lap Belt

Car Data

1972 AMC Matador

45.3 mph

0°, Centered on Truck
Center Line

Model
Impact Velocity

Impact +0.11 Sec. Impact Angle

Weight (W/0 Dummy) 4310 lbs.

Dummy Weight 165 1ibs.

Dummy Type Sierra Stan, 50th Percentile
Dummy Restraint Lap, Shoulder Belts

Impact Data

Impact +0.21 Sec,.
Maximum 50ms. Avg. Acceleration, Accelerometer Data

Car, Longitudinal -~6.3 g's
Car, Vertical 2.1 g's
Truck Longitudinal 7.7 g's
Dummy Head, Resultant Truck or Car -17.2 g's
Head Injury Criterion 65
Occupant Impact Velocity (Film Data) 32.9 fps

Truck Roll Ahead bDistance

Maximum Pitch, Car -4.0°
Maximum Rise, Truck Dump Body Rear 3.5 in.
TAD/VDI Index, Car FD-4/12FDEWA

=79~

Impact +0.47 Sec.
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FIGURE 46

Test 392

Pickup Mounted
Attenuator (PMA)

PMA Rotating to
Stored Position

PMA Stored Position







FIGURE 47

Test 392

Vehicles Final
Position

PMA Hardware was
Undamaged

PMA Crushed 59-Inches
Car Crushed 7-Inches







locked and closed. The radiator was crushed back 4-inches,

Engine location was unchanged. Front doors and door posts were
not damaged. There was no interior damage. The windshield was
intact. The tires were intact. The car was towed from the impact
location. '

Pickup Damage - 392: There was no pickup damage.

PMA Damage - 392: Ninety percent of the PMA was crushed during
impact. The car penetrated the full width of the PMA. There was
no damage to the support hardware of the PMA,

5.3.3 Test 393

Car — 1820 1bs/44.8mph/0° Head-On

Pickup - 4140 1lbs/5000 lbs W/PMA/Rear Wheels braked
The summary of the test data and photos of the vehicles before and
after the impact are shown in Figures 48 - 50.

Impact Description - 393: fThe car struck the PMA at the intended
speed and angle. The car crushed the PMA 42-inches on the bottom
and 18-inches on the top side. The car rolled ahead 28-~feet while
the pickup rolled ahead 25-feet after impact.

The vehicles came to rest on the impact center line. Pitching and
vawing of the car were minimal. The impact area was free of
debris.

Car Damage - 393: The front of the car was crushed back 8-inches.
The radiator and battery were moved back to the transverse mounted
engine. All damage was forward of the front doors. The rear
opening hood opened and broke the windshield. The doors were not
damaged. In the interior there was minor damage to the dash from
the dummy’'s knees.

Pickup Damage — 393: There was no pickup damage.

PMA Damage - 393: Forty-five percent of the PMA was crushed
during the impact. The car penetrated the center 60-inches of the
76—-inch wide of the PMA. There was no damage to the PMA support
hardware.
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FIGURE 48 - DATA SUMMARY SHEET - TEST 393

Test Date September 15, 1982

Pickup Mounted Attenuator Data

Type Hexcel Aluminum Honeycomb
Size 5'6" Long x 6'4" Wide 24"High
Weight 200 Lbs., PMA

660 Lbs., Mounting Hardware
Impact 0.0 Sec.

Truck Data
Model 1970 Dodge, 3/4-Ton Pickup
Brake Setting Parking Brake, Rear Wheels
Gear Setting Neutral
Weight (W/0O TMA or 4140 1bs.
Dummy )
Impact +0.05 Sec. Dummy Weight 165 lbs.
. . Dummy Type Part 572, 50th Percentile

Dummy Restraint Lap Belt
Car Data
Model 1979 Honda Civic
Impact Velocity 44.8 mph

Impact +0.10 Sec. Impact Angle 0°, Centered on Truck

Center Line

Weight (W/0 Dummy) 1820 1lbs.
Dummy Weight 165 1bs.
bummy Type Sierra Stan, 50th Percentile
Dummy Restraint None

Impact Data

Maximum 50ms. Avg. Acceleration, Accelerometer Data

Car, Longitudinal -12.4 g's
Car, Vertical -1.3 g's
Truck Longitudinal 5.4 g's
Dummy Head, Resultant Truck or Carx -12,.4 g's
Head Injury Criterion 28
Occupant Impact Velocity 32.0 fps
Truck Roll Ahead Distance 25 ft.
Maximum Pitch, Car 1.0°
Maximum Rise, Truck Dump Body Rear 3.9 in.
Impact +1.02 Sec. TAD/VDI Index, Car FD-5/12FDEW4
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FIGURE 49

Test 393

Vehicles Before
Impact

Vehicles Final
Pogitions

Front of Car Damage
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FIGURE 50

Test 393

PMA Crushed 42-Inches

Car Crushed B8-Inches
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5.4 Discussion of Test Results

5.4.1 General - Criteria

In TRC No. 191, and National Cooperative Highway Research Program
(NCHRFP) Report 230, three appraisal factors are recommended for
use in judging performance of highway safety appurtenances. These
factors can be applied to the results of the TMA tests, although
TMAs are not specifically mentioned in this reference. The three
factors, which will be discussed below, are (1) structural
adequacy, (2} impact severity or occupant risk, and (3) vehicle
trajectory. '

Table 1 summarizes the data from all twelve tests.
The f£ilm report on this project can be used to compare the tests.
5.4.,2 Structural Adequacy - Vehicle and TMA Damage

In Table 4 of TRC No. 191 this appraisal factor is described as
follows for crash cushions in general:

"B, The test article shall not pocket or snag
the vehicle causing abrupt deceleration or
spinout or shall not cause the vehicle to
rollover. The vehicle shall remain upright
during and after impact although moderate
roll and pitching is acceptable. The
integrity of passenger compartment must be
maintained. There shall be no loose
elements, fragments, or other debris that
could penetrate the passenger compartment
or present undue hazard to other traffic."

"C. Acceptable test article performance may be
by redirection, containment, or controlled
penetration by the vehicle.”

In Table 6 of NCHRP-230 this appraisal factor is described as
follows for highway appurtenances:

"B, The test article shall readily activate in
a predictable manner by breaking away or
yielding.

C. Acceptable test article performance may be

by redirection, controlled penetration, or
controlled stopping of the vehicle.
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D. Detached elements, fradments or other debris
from the test article shall not penetrate or
show potential for penetrating the passenger
compartment or present undue hazard to other
traffic."

Integrity of Car Passenger Compartment and Damage to Car -

There was no intrusion of vehicle or attenuator parts into the
passenger compartment in Tests 381~389 when using the TMA and
391-393 when using the PMA, In Test 389, the angle impact test, .
there was some minor intrusion on the right front side of the :
passenger compartment. In Test 371 there was no TMA on the truck.
The dashboard and steering column of the car were pushed in a
short distance into the passengexr compartment. In addition, the
hood barely punched through the windshield. There was some
buckling of the floorboard.

In Test 391 there was no PMA on the pickup. The front end cxush
of the car was 18.0 inches. In addition the windshield was
penetrated by the hood causing severe shattering of the
windshield.

Although the windshield cracked only in one test, it did not
appear to be a threat to passengers. There was no damage to the
dummy in Test 371 or 38%1. The other tests clearly showed there
was better protection of the passenger compartment with a TMA
mounted on the truck or a PMA mounted on a pickup. This
difference probably would be even more evident at impact speeds
over 45 mph.

One measure of car damage is the amount of crush to the front end.
It is difficult to compare the vehicle crush in different tests
because different model cars were used with different front end
components, each having different crush resistances. Even when
same model cars were used, slight differences in the vehicle
kinematics could affect the final crush profile. The method used
to compare crush was by length of crush to the front of the car.
The values for all tests are shown in Table 1. The crush profile
values were all quite uniform, between 7 and 14 inches, for the
head-on tests at 45 mph except for baseline Tests 371 and 391. 1In
Test 371 where no TMA was used, the crush was 26.5 inches which
shows dramtically the usefulness of the TMA. In Test 391 where no

~88—



“was used, the crush was 18-inches. This also illustrates the
effectivefiess of the PMA. The penetration was basically a uniform
ﬁ%bfile on all the impacting test wvehicles. Although the crush
values were similar in the 45 mph/head-on impacts for both large
and small cars, the value of crush in a small car represents a
more severe impact than for a large car as is evidenced by the
larger'values'of acceleration, Table 1, The car crush profile for

angle Test 389 was zero crush on the left side and 24 inches on
the other:

The VDI(7) and TAD(B) car damage scales are given on the

Da h'Summary Sheets for each test. They also show the amount of
car damage was similar for all tests except Test 371 where damage
- wag much more severe.,

ﬁéﬁage ‘t6 TMA and’ PMA'

" In' Tests with the large cars, virtually all cells in the TMA and
ﬁﬁﬂ were crushed uniformly. In tests with the smaller cars, all
6f thé back sections of cells were not crushed or were only
$lightly crushed. Hence, the tests show the TMA and PMA were
de51gned close to the ideal stiffness for large cars at 45 mph

pe¢ause all the crush distance available in the TMA and PMA was
uged up.

L

Data from the test movies show the maximum dynamic penetration of
. the cars during impact. The penetration represents the dynamic
. ¢érush of the TMA and PMA and car front end:

Test No. Maximum Dynamic Penetration of Car
371
381
382

383

;o38¢
385

386

387
388
389
391
392 .

393 -

ft. Base Line No TMA

N lWwa =L oMW

« 8 2 = @

Avg.
Base Line No PMA

WUl = GO ~1 LN U O~

‘Most of this penetration occurred before the truck had moved ahead
‘mére than a few inches.
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Penetration in Test 371 and 391 was relatively less because there
were no attenuators. The penetration includes the distance the
"car nosed under the truck and the crush of the car.

in all tests with the TMA or PMA there was no damage to the steel
backup frame and controls with the following exceptions. There

was light damage in Test 389. The frame bent one-inch due to the
10 degree angle of the impact.

Car and Truck Kinematics A .

There was no loss of control or stability to the truck or car
during the tests. There was excessive roll ahead of the pickup
during the base line test. The car submarined and struck the
truck differential causing the parking brake to release. The
pitch, roll and yaw of the cars were minimal. Values of pitch and
yaw are given in Table 1. The TMA and PMA controlled the
acceleration of the car in all tests. Even in Test 389, the

- offset angular impact, it was surmised the car might spinout;
instead it came to rest close behind the truck.

i

5.4.3 Impact Severity or Occupant Risk:

TMA Cushioning Effectivness
The guidelines for highway crash cushions in Table 4 of TRC No.
191 are as follows:

"C. For direct-on impacts of test article,
where vehicle is decelerated to a stop and
where lateral accelerations are minimum,
the preferred maximum vehicle acceleration
averadge 1s 6 to 8 g's and the maximum
average permissible vehicle deceleration
is 12 g's as calculated from vehicle impact
speed and passenger compartment stopping
distance."

In Table 6 of NCHRP-230 this appraisal factor is described as
follows: '

"E. The vehicle shall remain upright during and
after collision although moderate roll, pitching
and vawing are acceptable. Integrity of the
passenger compartment must be maintained with
essentially no deformation or intrusion.
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F. Impact velocity of hypothetical front seat
passenger against vehicle interior,
calculated from vehicle accelerations and
24 inches (0.61m) forward and 12 inches

(0.30m) lateral displacements, shall be
less than:

Occupant Impact Velocity - fps

Longitudinal - Lateral
40/F1' 307F2

and vehicle highest 10 ms average accelerations
subsequent to instant of hypothetical passenger
impact should be less than:

Occupant Ridedown Accelerations - g's

" Longitudinal Lateral
20/Fy 207%,

where FT' F,,UF3, and F, are appropriate
acceptance %actors (See Table 8, Chapter 4 for
‘suggested wvalues).

‘Thﬁse criteria will be used to evaluate the TMA and PMA,.

_Accelerations

r accelérations were computed and are in Table 1. The highest

- 50ms avefage value from the accelerometer data used in Table 1 was
compared with film data. It was determined the accelerometer data
@as‘mpre?conservative. As shown on Table t, Test 371 without a
-PMA was —-21.5 g's. This is considerably above the limit of -12
g's. In the heavy car TMA tests the accelerations ranged from
.=10,7 to -13,8 g's and in the lightweight car tests -15.7 to -15.2
g's. Some are above the -12 g limit, but these figures do
Highlight the difference of severity with and without a TMA. It
should be noted that an impact of a lightweight car without a TMA
would result in accelerations of =25 to -30 g's.

. In the PMA baseline Test 391 data was lost due to an electronic
"maifunction. The figures, as shown in Table 1 of -6.3 g's {heavy

ear) and -12.4 g's (lightweight car), indicate the PMA performed
well. ‘

}jiﬁhck-gcdeleration
Rear end impacts not only decelerate the car, but force the truck
£06 aceelerate rapidly. Table 1 gives truck cab accelerations
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which vary from a maximum of 5.0 g's in Test 371, the control test
without a TMA, down to 2.4 g's in Test 385, the lightweight car
impact with a TMA (based on accelerometer data).

Table 1 gives the pickup cab accelerations which vary from a
maximum of 9.5 g's in Test 391, the control test without a PMA,

down to 5.4 g's in Test 393, These values are well below those of
the car accelerations.

Even though the accelerations are relatively low, they may still
cause whiplash or other head injuries to truck drivers or
passengérs. The Division of Equipment Maintenance and _
Development has implemented a program to install head restraints
in all vehicles with TMAs to minimize the effects of truck
accelerations in rear end impacts.

Dummy Accelerations

Accelerometers in the head of the dummy in the impacting passenger
cars measured acceleration in three directions. They show very
high accelerations of about 40 g's in Test 371 of the control
test. In the final TMA design' for a lightweight car impact, the
dummy accleration was 18.7 g's (Test 385) and 15.0 g's for a heavy
car (Test 388). These data indicate that the TMA helped to reduce
dummy accelerations, and the use of a shoulder belt is 1mportant
‘particularly in lightweight and miniweight cars.

Accelerometers were ‘in the head of the dummy in the impacted
pickup truck in the PMA tests (391 - 393). This was done to
determine the severity of head accelerations to which a driver of
the pickup would be subjected. The dummy accelerations were 12.4

g's for the lightweight car (Test 393) and 17.1 g's for a heavy
car (Test 392).

Evaluation criteria of longitudinal occupant impact velocity (fps)
was also used to judge the performance of the TMA and PMA,

The longitudinal occupant impact velocity is theoretical; however,
on the plot of distance vs time, the curves can be visualized as
representing the car windshield and the driver's head. It is
assumed that the head starts out two feet behind the windshield.
The point where the curves cross represents the impact between the
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" Head and the windshield because the windshield has slowed down
from the impact velocity, but the head has not. The time when the
windshield/head impact occurs (rattlespace time) is carried to the
plot of velocity vs time. The occupant impact velocity is the
difference between the vehicle impact velocity and the vehicle
~.velocity at the end of the rattlespace time. (The dummy
accelerometers are not used in determining the occupant impact
velocity, only the vehicle accelerometers.)

‘The longitudinal occupant impact velocity was obtained from

- ;aceelerometer data through the use of the wave form analyser.
" 'Follewing is a table of longitudinal occupant impact velocities
Mhich are all below the limit of 40fps in Table 6 of NCHRP-230
~except -for the baseline Test 371 and Test 383. Table 8 in the
Commentary of NCHRP-230 recommends occupant impact velocities in
;¢h£:longitudinal direction of 30 fps. Therefore, impacts at
:speeds over 45 mph would be moving quickly out of the range of
acceptable performance unless the truck was moving at the time of
lmpact.

“Iéast No. Longitudinal Occupant Impact Velocity (FPS)
371 -No ‘TMA 46 Heavy Car Head-On
381 W/TMA 31.6 Heavy Car Head-On
382 W/TMA 34.3 Heavy Car Head-On

- --383. W/TMA 42.7 Lightweight Car Head~On

. 384 W/TMA 36.8 Lightweight Car Head-0On
385 W/TMA 35.6 Lightweight Car Head-On
386 W/TMA 32.4 Heavy Car Head-On
387 W/TMA 34.5 Heavy Car : Head—-On
388 W/TMA 33.3 Heavy Car Head—-0On
389 W/TMA 29,1 Heavy Car 10° Angle
391 No PMA 28 Heavy Car Head-On
3392 W/PMA 32.9 Heavy Car Head-On
393 W/PMA 38.9 Lightweight Car Head-On

These data were used to determine the TMA used in Tests 385, 388
.and 389 .provide the best performance of heavy, lightweight, and
.angle impacts and would be the final acceptable TMA design.

VNCHRP4230 states, "Whereas the highway engineer is ultimately
concerned with safety of the vehicle occupants, the occupant risk
criteria (vehicle and dummy accelerations and occupant impact
velocities) should be considered as the guidelines for generally
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acceptable dynamic performance. These criteria are not valid,
however, for use in'predicting occupant injury in real or
hypothetical accidents”. The Commentary in NCHRP-230 adds, "The
relationship between occupant safety and vehicle dynamics during
interaction with a highway appurtenance is tenuous because it
involves such important, but widely varying factors as occupant
physiology, size, seating position, attitude, and restraint, and
vehicle interior geometry and padding"

5.4.4 Vehicle Trajectory _
Guidelines from Table 4 of TRC No. 191 are:

"A, After impact, the vehicle trajectory and
final stopping position shall intrude-a
* minimum distance into adjacent traffic
lanes."

The accompanying test states:

"A subjective apprasial shall be made by
the test engineer as to the trajectory
hazard, based on vehicle exit speed and
angle, maximum intrusion into a traffic
lane or lanes during trajectory, and post
crash controllability.”

In Table 6 of NCHRP 230 the guidelines are:

"H. After impact the vehicle trajectory and
final stopping position shall intrude a
minimum distance into adjacent traffic
lanes,”

"J. Vehicle trajectory behind the test article
is acceptable." '

These guidelines will be used to evaluate the TMA and PMA.

Effect on Adjacent Traffic Lanes

In all TMA tests, except Test 389, the car and truck traveled a
short distance in a straight line. The car stayed directly behind
the truck. Therefore, the effect on édjacent-traffic would have
been minimal. Even in Test 389, the offset angular impact, the

car stayed close to the rear of the truck and would have minimal
affect on adjacent traffic lanes.
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Ifi ‘the baseline PMA test, with no attenuator, it was clearly
demonstrated how an impact on a parked vehicle could cause
additional collisions. The pickup rolled over 300 ft.
uncontrollably. The data from this test will be used by Caltrans
to demonstrate to various operational sections the care they must
use” whHen parking their pickups on and along roadways.

The baseline PMA test also demonstrated the value of an
dttenuator. In PMA tests 392 and 393 with PMAs, the impacts were
¢ontrolled and predictable. The effect on adjacent lanes would
Have-been minimal.

‘It should be noted that the PMA was designed for slow moving
operations and not for parking to protect a stationary work
location. '

An overall apprasial is that when TMAs and PMAs are used, the
impaets are controlled and predictable., They reduce the hazards
df‘workﬂlocations and those of traffic substantially.
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APPENDIX A: TEST VEHICLE EQUIPMENT AND. GUIDANCE METHODS

™ Pywo 12~volt wet cell lead acid motorcycle-type batteries were

moiinted in the truck to supply power for the test equipment in

- ThHE test' vehicle gas tank was disconnected from the fuel
supply line an&:-drained. In Tests 381, 382, 386-389, 391, and
392 -the: ‘tank was-filled with water to add weight to the car
andel'iminate: the-fire hazard. In Tests 383-385 and 393,
extra-weight was not-needed, so dry ice was placed in the
empty tank’’to inhibit combustion. A one-gallon safety gas
tank. wag: instaliled«in: the trunk compartment and connected to
tHé=fuels supply: - line. '

+ THe-actelerator pedal was linked to a small cylinder with a
piston’ which” opened the throttle. The piston.was activated by
a*manually threown: switch mounted on the top of the rear fender
of thé test  vehicle. The piston was connected to the same

Cbz tube used for the brake system, but a separate regulator
was ‘used’ to* control the pressure. The car was placed in
second gear.

' A speéed” control device connected between the negative side of
thé test veliicle based on speedometer cable output. This
device was calibrated prior to the test by conducting a series
of trial runs through a speed trap composed of two tape
switches sét a known distance apart connected to a digital

~timer.

' A cadble guidance system was used to direct the vehicle into

the barrier. The guidance cable, anchored at each end of the
vehicle path to a threaded coupler embedded in a concrete
footing, passed through a guide bracket bolted to the spindle
of the right front wheel of the vehicle. A steel knockoff
BracKet, anchoring the end of the cable closest to the barrier
td a concreéte footing, projected high enough to knock off the
guide bracket, thereby releasing the vehicle from the guidance
c¢able prior to impact.



O

A micro switch was mounted below the front bumper and
connected to the ignition system. A trip plate placed on the
ground near impact triggered the switch when the car passed
over it. This opened the ignition circuit, cut the vehicle
engine prior to impact, and released the siiding weight from .
an electro-magnet so the weight was free to travel slightly
before the instant of impact. o

A solenoid-valve actuated CO2 system was used for remote-
braking after impact or for emergency braking any other time.
Part of this system was a cylinder with a piston, which was
attached to the brake pedal. The pressure used to operate the
piston was regulated according to the test vehicle's weight,
to stop the test vehicle without locking up the wheels.

The remote brakes were controlled at the console trailer by
using an instrumentation cable connected between the vehicle
and the electronic instrumentation trailer, and a cable from
that trailer to the console trailer. Any loss of continuity
in these cables caused an automatic activation of the brakes
and ignition cutoff. Remote activation of the brakes also
would turn off the ignition.
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APPENDIX B: PHOTO-INSTRUMENTATION

ﬁé@a'fiim was obtained by using five high speed Photo-Sonics Model
16 mm—TB caméras, 200-400 framés per second (fps), and four high
speed Redlake Locam camerads, 400 fps. These cameras were located
around ‘the impact area as shown in Figure Bl. The cameras were
electrlcally actuatéd from a ceiitral control console located

adj chn# to the 1mpact ared; except for three which had their own
battery ‘power” and wére' turned ‘on by three separate operators.

a1’ hlgh speed cam”‘“éfwéfé‘eqﬁipped with timing light generators
Wthh exposed reddlsh*tlmlng pips on the film at a rate of 1,000
- S '_ The plps'were used to determlne camera frame rates

'"orocedures uséd to facilitate data reduction for the test are
1istéa &% followsy

1. Butterfly’ targets were attached to the test car, truck,
‘pickup, and TMA. Figures B2, B3, and B4 show the target
locatisn’ dimeénsions.

7. Plaghbililbs, mouhted on the test vehicle, were
eléctronically flashed to establish’ (a) initial
véhidleé/barrier contact (b) application of the vehicle's
brakes and (¢) beginning and eniding of sliding weight
travel. The impact flashbulbs have a delay of several

millis&conds before lighting up.

3.- Five tapé switches, placed at ten foot intervals, were
'~ attached to the ground perpendicular to the path of the

impacting vehicle beginning about five feet from impact.
Flashbulbs were activated sequéntially when the tires of
the test véhicle rolled over thié tape switches. The
flashbulb stand was placed in view of most of the data
cameras or made visible to thée toéwer cameras through the
usé of mirrors. The flashing bulbs were used to correlate
tﬁé ééﬁéfés Wifﬁ tﬁé iﬁﬁ&dﬁ ev@ﬁts and to calculate the



Additional coverage of the impacts was obtained by a 70 mm
Hulcher sequence camera and a 35 mm Hulcher sequence
camera (both operating at 20 frames per second).
Documentary coverage of the tests consisted of normal
speed movies and still photographs taken before, during
and after the impact.

A sliding weight device was mounted on all test cars to
determine the rattlespa¢e time as defined in Section
5.4.3. This device would only be used if accelerometer
data failed. The weight contains ball bearings which roll
along a smooth rod. The weight is held in place on the
left end of the rod by an electronmagnet before impact.
The front bumper switch on the car which cuts the ignitidn
about two feet before impact also cuts off the current to
the electromagnet. The weight is then free to slide
forward for a two foot distance on the rod after impact.
The time it takes for the weight to travel two feet
(rattlespace time) is determined from the high speed movie
film. Flash bulbs mounted on the device are activated
when the weight begins to move and also when it reaches
the end of its travel. The flashbulbs are more visible to
distant data cameras than the sliding weight.
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cadrd; ‘Speed”

NoL - (ft) Type Lens (Frames/ Mounting
X Y sec)

1 8?2 1, Redlake Locam 16mm 5 0mm. 4Gy Tripod

2 96 3 Redlake Locam l6mm 25mm 400 Tripod

3 100 4 Redlake Locam 16mm 38um 400 Tripod-Pan
4 100 q" Bolex 16mm 18mm - 24 Tripod-Pan
5 115 15 Hulcher 70mm  150mm 200 Tripod

& 115 15 Hulcher 35mm © o 105mm 20 Tripod

J o~ 82 - & Phato=Sonics Y6mm-1B" 13mm 350 Tripod

8 -76 - 2 Redlake Locawm 16mm 5 Q. 400 Tripod

g - 27 192 Photo-Sonics 16mm-1B 4 fn. 200 Tripod

10 108 & Videotape - - Tripod

11 0- - 11 . Photo-Sonics 16mm-158 13mm 400 Tower

12 0 - 1 Photo~Sonics 16mm-18 13mm: £00 Tower
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Figure B4, TRUCK TARGETING AND DIMENSIONS
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" APPENDIX C: ELECTRONIC INSTRUMENTATION AND DATA

*Three Endevo Model 2262-200 plezo-resistive accelerometers were
mounted  in the head of the dummy. Statham unbonded strain gage
type accelerometers were mounted on steel angle brackets which
were welded to the floor of the cars and trucks. Those in the car
were close to the center of gravity in the horizontal plane; those
‘in; the truck were on . the left edge of the cab where they received
‘s0lid -support from the truck frame. The dummy accelerometers were
 mq9n§ed_1nslde the. head cavity.

“Data sfrom the accelerometers in the test vehicle were transmitted
‘through a 1,000 -foet Belden #8776 umbilical cable connecting the
‘wehlcle to a l4-channel Hewlett Packard 3924C magnetic tape
Qrecordlng system. This recording system was in an instrumentation
jtnalLer_at the test control area.

pThree pressure—actlvated tape switches were placeéd on the ground
in front of the test barrier. They were spaced at carefully
:measured intervals of 12 feet. When the test vehicle tires passed
owvier them, the switches produced sequential impulses or "event
'%bllps" which were recorded concurrently with the accelerometer
1slgnals on the tape recorder and served &s "everit markers". A
1tape switch on the front bumper of the car closed at the instant
of 1mpact and activated flash bulbs mounteéd on the car. The
‘elosure of the bumper switch also put a "blip"” or "event marker"
©on the recording tape. A time cyle was recorded continuously on
the tape with a frequency of 500 cycles per second. The impact
ve1001ty of the vehicle could be determined from the tape switch
meluses and timing cycles. Two other tape switches connected to
digital readout equipment were placed 12 feet apart just upstream
from the test barrier specifically to determine the impact speed
qf the test vehicle immediately after the test. The tape switch
Iayouts'are shown in Appendix B in Bigure B,

A11 accelerometer data were processed on a Norland Model 3001
waveform analyzer which was tlie primary means of data reduction.
The analyzer digitized and manipulated the raw data, printed test
results, and plotted various curves. These data curves are shown
in. Figures C1 through C43.

- TS




The occupant impact velocity is theoretical; however, on the plot
of distance vs time, the curves can be visualized as represening
the car windshield and the driver's head. It is assumed that the
head starts out two feet behind the windshield. The point where
the curves cross represents the impact between the head and the
windshield because the windshield has slowed down from the impact
velocity, but the head has not. The time when the windshield/head
impact occurs (rattlespace time) is carried to the plot of
velocity vs time. The occupant impact velocity is the difference
between the vehicle impact velocity and the vehicle velocity at
the end of the rattlespace time.

(The dummy accelerometers are not used in détermining the occupant
impact velocity, only the vehicle accelerometers.) '

Due to technical difficulties there was no accelerometers data for
Test 389 (Truck), Test 391 (All) and Test 392 (Occupant Impact

Velocity), data previously used in this report for these test was
film data.
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APPENDIX D: ACCIDENT EXPERIENCE

Rear End Accidents Involving Caltrans Vehicles
January 1, 1983 throuah October 6, 1983

Detailed data was tabulated on all impacts into Caltrans vehicles
in 1983. The data was taken from accident records, with added
data from the districts, and compiled by the Departmental Safety
Branch in the Caltrans Division of Administrative Services. Table
D.2 condenses some of that information for all rear end impacts.
The purpose of the condensed table is to show typical impact
speeds, size of State and private vehicles, whether or not the

- Caltrans vehicle was parked, vehicle damage, and number of injury
accidents. That data is analyzed in Table D.T.

It can be concluded from the data in Table D.1 that we can expect
State trucks equipped with TMAs to be impacted not only by
passenger cars traveling under 45 mph, but also by cars traveling
faster and by heavy vehicles. Therefore, in a certain percentage
of impacts the capacity of the TMA will be exceeded. ‘
Nevertheless, even in these more severe impacts, the TMA should
provide some reduction in the car acceleration as compared with
the case of a truck without a TMA.

Rear End Accidents Involving Caltrans TMA Trucks

Table D.2 indicates there were ten rear end accidents with TMA

~ trucks. Two of these accidents inveolved TMA trucks that were

equipped with TMA hardware with the TMA removed. During certain
operations TMA trucks may be used for purposes that require the
TMA to be removed. '

There were two fatalities and two known injuries in the ten
accidents. One accident resulted in a fatality and an injury to
the truck driver. The truck in this accident had the TMA removed.
The second fatality accident was the result of a motorcycle
impacting a TMA. In the second injury accident the TMA was
removed. '

-150-




SUMMARY OF D.2

- Taple D.1 Analysis of Rear End Accident Data
January 1983 through September 1983

GENERAL:

Number of Rear End Accidents . + + « « ¢« « « « 104
 Number of Rear End Accidents with TMA's. . +. . . 6

PRIVATE VEHICLE (STRIKING VEHICLE)*

o Total Speed (mph)
Vehicle Size No. 0 to 45 45+ Injuries Fatalities
Truck: 11 10 1 1
Van 5 4 1
. . Pickup 23 17 4 5
- Station Wagon 4 4
© Car 38, 23 5 5 2
Small Car 18 13 2 5
Jeep 3 1 2 4
Motorcycle 1 1
Jetney 1 1
STATE VEHICLE (STRUCK VEHICLE)*
: Total " Parked
Vehicle Size No. Moving Occupied Parked Injuries Fatalities
" Pickup . 22 4 13 6 1
Dump Truck 33 15 13 4 5
Cargo Truck 16 7 8 1 8
Utility Truck 8 2 4 2 3
Van q 3 1 1
Sweeper 2 1 1
Tow Truck 57 1 4
Boomn Truck -3 1 L2
‘Cone Truck 4 1 .2 1
Paint Striper 1 1
Fence Truck 1 1
Landscape Truck 1 1
Rotary Snowplow 2 2
Loader 1 1

* TFigures are not exact due to inadequate accident data
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APPENDIX E

Photos of Lightweight TMA's and PMA's in service.

FIGURE E-1

Typical Barrier Truck with TMA (Raised Position)
and Self Powered Skid Mount Sequential Arrowboard.
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E-2

FIGURE

R g —

Lightweight TMA Removed from Truck
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\ | FIGURE E-3

TMA in Use
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FIGURE E-4

oE

AND B DIN

Barrier Truck with TMA in Lane Closure
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FIGURE E-5

Barrier Truck Shadowing Cone Truck,
Setting Cones for Lane Closure
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FIGURE E-6

Barrier Truck Shadowing Cone
Truck Picking Up Cones
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FIGURE E-7

Barrier Truck Parked in Shoulder
Closure Protecting Workers
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FIGURE E-8

Pickup Mounted Attenuator
in Stored Position
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i FIGURE E-9

Pickup Mounted Attenuator
in Operating Position
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